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Product Overview 



The Harris CDP6805/68HC05 family of high speed CMOS 
microcontrollers, microprocessors, and peripherals provides 
a cost efficient solution for diverse automotive, consumer, 
industrial, telecom, and military applications. The family Is 
based on the established 6805 8-blt architecture. Thedniire 
family Is built using CMOS technology and offers: 

• Low Power Drain - with |iA dissipations and operation 
down to 2 volts, the Harris CDP68HC05 family Is a natural 
choice for battery operated systems, tiattery baci<ed-up 
systems, and systems In wttioh heat generation is a pri- 
mary concern. 

• High NolM Immunity and Wide Operating Tempera- 
ture Range (up to -SS°C to +125°C) - allows these 
CMOS devices to be used In the most demanding auto- 
motive and industrial applications. 

• Wide Operating Voltage Range - reduces the need for 
expensive regulated power supplies and allows the design 
engineer to concentrate on other aspects of the system. 

CDP6805/CDP68HC05 Microcontrollers and 
Microprocessors 

The CDP6805 {'05) and CDP68HC05 CHCOS) families pro- 
vide a selection of 8-bit microcontrollers and microproces- 
sors. Tlie 'HC05 family is txillt using a 1.5 micron, CMOS 
technology which features CPU cycle times down to 200ns. 
The '05 family is built using a 3 micron, CMOS technology 
which provides CPU cycle times down to 480ns. 

A common base instruction set and CPU register 
architecture. Is shared by all members of the '05 and 'HC05 
families. The 'HC05 Instruction set has been extended 
with the addition of an 8 x 8 unsigned multiply opcode 
(MUL). The complete set Of instructions is detailed in Section 
4 of this bool<. 

The CDP68HC05C4, COP68HC05C8, CDP68HC05O2, 
CDP68HC05J3, and HIP7030A2 are microcontroller mem- 
bers of tfie 1 .5 micron, 'HC05 family. Each is a self contained 
MCU with varying implementations of on-chip ROM, RAM, 
timer, port, and I/O functions. The CDP68EM05C4, 
CDP68EM0SD2, and HIP7030A0 are microprocessor mem- 
bers of the 'HC05 family. Each shares the same RAM and 
yo features as the equivalent MCU type, and provides 
address and data Interface lines for connection to up to 8K of 
external ROM. 

The CDP6805F2 and CDP6805G2 are microcontroller mem- 
bers of the 3 micron, '05 family. Each Is a self contained 
MCU with on-chip ROM, RAM, timer, and i/0 functions. The 
CDP6805E2 and CDP6B05E3 are microprocessor members 
of the '05 family. They contain Internal RAM, timer, and port 
logic, and feature address and data Interface lines for con- 
nection to external memory. The CDP6805E2 can access up 
to 8K of memory, whHe the CDP6805E3 can access up to 
64K of memory. 



All of the microcontrollers specified in this data book are 
masl<ed ROM devices. The ROM code is inserted via 
photomasidng techniques during the manufacture of the 
microcontrollers. This method of Implementing code results 
in the lowest possible cost per device. Semiconductor 
manufacturing Is based on batch processing. A single batch 
of 68HC05 microcontrollers typically produces 10,000 
devices. Any device which Harris does not sell to the owner 
of the ROM code has no value. As a result minimum order 
quantities (MOQs) are established for all masked ROM 
devices. The low piece price generally makes masked ROM 
devices suitable for production runs of 5,000+ pieces 
(I.e. - .5 X MOQ). For lower volume designs, microprocessor 
equivalents should be considered. Contact your Harris sales 
represantaUve for details on specific microcontrollers. 

Section 2 provides complete technical data on the '05 and 
'HC05 microcontrollers. Technical data on the microproces- 
sor products Is presented in Section 3. Note that the 
HIP7030A0 and HIP7030A2 are featured in the Harris Intelli- 
gent Power ICs data book. 

CDP6805/CDP68HC05 Peripheral Devices 

Section 5 and Section 6 contain detailed information on the 
extensive selection of peripherals designed specifically for 
use with the '05 and 'HC05 families of processors. 

The 8-bit bus peripherals, contained In Section 5, are 
intended for use with microprocessors which have external 
address and data bus signals. Ttiese devices are also useful 
with many non-6805 processors. 

The serial peripheral interface (SPI) devices, detailed in 
Section 6, are designed to work on the SPI bus of the 'HC05 
family of controllers (see Section 2 for information on the SPI 
bus). In addition to the peripherals contained in this data 
book, other SPI compatible devices are offered by Harris. In 
particular, the Intelligent Power ICs data book contains spec- 
ifications of the CA3282 octal solenoid driver, the 
HIP0080/81 quad power drivers, the HIP7010 J1850 multi- 
plex wiring Interface, and the HIF>9020 engine knock sensor. 

Packaging Options 

All of the devices featured in this data book are offered in 
PDIP (dual-in-line plastic) packages for through-hole assem- 
blies. The majority of devices is also offered in surface 
mount (SMD) versions. Three types of packages are used to 
satisfy customers' SMD needs: PLCC (plastic leaded chip 
carrier); SOIC (small outline Integrated circuit package); and 
MPQFP (metric plastic quad flatpack). Many of the 3 micron 
devkies are also available In ceramic, dual-in-line, metal 
seal, packages for appHcattons which require ceramic 
through-hole assembly. 

Section 7 provkles detailed Infonnation on all of the 
packaging opfions. 
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Ordering Masked ROM Devices Harris AnswerFAX - Automated FAX Response System 

Manufacturing a masked ROM microcontroller requires that The current version of data sheets for Harris products can 

the customer's code be translated to a topological represen- be ot)tabied via the Harris AnswerFAX system. Section 9 

tation on a photomasl<. Section 8 covers the means by which provides information on accessing the AnswerFAX system. 

a customer can provide ROM mask information to Harris. 



Ordering of masked ROM microcontrollers must be coordi- 



Anplteatlon Notes 



nated through a Harris sales repre«ntetive. -nie information Application Notes covering the "OS and 'HCOS family of 
specified .nSec^^n 8 must be provkled to alkjw proper gen- ^-^Us. CPUs, and peripherals can be obtained via the Har- 
eranon or tne pnotomasK. ^ AnswerFAX system. Section 9 provides a listing of the 

currently available documents. 
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Features 

The following are aome of the hardware and software 
highlights of the CDPeSHC05C4 Ittnlly of HCMOS Micro- 
computers. 

HAROWARE FEATURES (All IVpes) 

• HCMC^Technolagy 

• 8-Blt Architecture 

• Power-Saving STOP, WAIT and Data Ratentton Modea 

• Fully Static Operation 

• On-ChIp Memory 

- CDP68HC0SC4, CDP^ei.Q$(S4^C9PnHSC05C4 

- 176Bytesof RAM 

- 4160 Bytes of User ROM 

- CDP68HC05C8, CDP68HCL05C8, COP68HSC05C8 

- 176 Bytes of RAM 

- 7744 Bytes of User ROM 

• 24 BidlrectlonalVOUnes and 7 Input-Only Unes 

• Internal 16-Blt Timer 

• Serial Communications Interface (SCI) System 

• Serial Peripheral Interface (SPI) System 

• Self-Check Mode 

• External, Timer, SCI, and SPI intarrupis 

• Master Reset and Power-On Reset 

• On-ChIp Oscillator with RC or Crystal Mask Options 

• 40 Lead DuaHn-Une, 44 Leadf Plastic Ctilp Carrtor, 
and 44 Lead Metric Plastic Quad Ratpack Packages 

• CDP68HC05C4, CDP68HC05C8 

■ 4.2MHz Operating Frequency (2.1Mf1z Internal Bus 
Frequency) at 5V; 2.0MHz (1.0MHz Internal Bus) at 
3.0V 

- Single 3.0V to 6.0V Supply t2.0V Data Retention 
Mode) 

• CDP68HCL05C4, CDP68HCL05C8 

- Lower Supply Current, Iqq in RUN, WAIT and STOP 
Modes at 5.5V, 3.6V and 2.4V 

- Single 2.4V to 6.0V Supply (2V Data Retention 
Mode) 

• COP68HSC05C4, CDP68HSC05C8 

- 8.0MHz Operating Frequency (4.0MHz Internal Bus 
Frequency) 

• Single 3.0V to 6.0V Supply (2.0V Data Retention Mode) 



SOFTWARE FEATURES 

• SlndlartoMC6800 

• 8 X 8 Unsigned Multiply InstraeUon 

• Efficient Use of Program Space 

• Versatile Interrupt Handling 

• True Bit Manipulation 

• Addresaing Modes writhlncinwd Addressing for Table 

• Efficient Instruction Set 

• Memory Mapped I/O 

• TVio Power-Saving Standby Modes 

• Upward Software Compatible with CDP6805 
CMOS Family 

Description 

The CDP68HC05C4 HCMOS Microcomputer is a member of 
the CDP68HC05 family of low-cost single chip microcomput- 
ers. This 8-bit microcomputer unit (MCU) contains an on- 
chip oscillator, CPU, 176 bytes of RAM, 4160 bytes of user 
ROM, I/O, two serial interface systems, and timer. The fully 
static design allows operation at frequencies down to DC, 
further reducing its already low-power consumption. 

The CDP68HC0SC8 is similar to the CDP68HC05C4 except 
for the size of on-chip ROM. The CDP68HC05C8 has 7744 
bytes of on-chip user ROM. All information pertaining to the 
CPP68HC05C4 MCU applies to the CDP68HC05C8 with 
the exception of the memory description. 

The CDP68HCL05C4 and CDP68HCL05C8 MCU devices 
are low-power versions of the CDP68HC05C4 and 
CDP68HC0SC8, respectively. They contain all the features 
of the CDP68HC05C4 and CDP68HC0SC8 with additional 
features of lower power consumption in the RUN, WAIT and 
STOP modes; and low voltage operation down to 2.4V. 

The CDP68HSC05C4 and CDP68HSC05C8 MCU devices 
are high-speed versions of the CDP68HC05C4 and 
CDP68HC05C8. respectively They also contain all the fea- 
tures of the COP68HC05C4 and CDP6eHC0SC8 with the 
additional capability of higher frequency operation at 
8.0MHz. 

t Pin numtwritieranoes throughout this specification refer to the 40 
lead DIP. See iilMMib lor cross talManee. 
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PORTC 
> I/O 
UNES 



RDI (PDO) 

TDO(POI) 

MISO(PD2) 

MOSI (PDS) 

8CK(PD4) 

3S(PD6) 



INTERNAL PROCESSOR 
CLOCK 



8 



1 7744 bytes of ROM for: CDP68HC05C8, CDf>«8HCL05C8, CDP68HSC05C8. 



Power Considerations 

The average cfiip-junction temperature, Tj, in °C can be 
obtained from: 



■'■j = TA + (PD*ejA) 



(EQl) 



Where: = Ambient Temperature, °C 

9jA = Paci<age Thermal Reslstanei, , 

Junction-to-Ambient, "C/W 
Pd = P|NT + P|/o 
P|MT = Ice " Vcc. Watts - Chip Internal Power 
P|/o = Power Dissipation on Input and Output 
Pins - User Determined 

For most applications Pyo < Pint and can be neglected. 

An approximate relationshtp between Pq and Tj (H to 

neglected) is: 

Pd = K + (Tj + 273»C) (EQ.2) 

Solving Equation 1 and Equation 2 for K gives: 

K = PD*(TA + 273°C) + ejA«PD2 (EQ.3) 

Where K is a constant pertaining to the particular part. K can 
be determined from Equation 3 by measuring Pq (at equilit)- 
rium) for a known T^. Using this value of K the values of Pq 
and Tj can be obtained by solving iquaHon 1 and SqitMkxi 2 
iteratively for any value of T^. 



PWS 


R1 


R2 


c 


Voo = 4.5V 


PAO-7, PBO-7. PCO-7, PD6 


3.26ka 


2.38kn 


50pF 


PDI-4 


i.9kn 


2.26kn 


200pF 


Vdc 


PAO-7. PBO-7, PCO-7. PDS 


10.19kQ 


6.32kn 


50pF 


PDI-4 


6ka 


6ka 


aoopF 


: t i; ■ 1, ■ ■ 


Vdd 




TEST , 




i "a 




POINT ' 




r 











m 



Thermal Information 

Thermal Resistance Bja 

Ceramic Dual-ln-Une 50°C/W 

Plastic Dual-ln-Une 100»C/W 

Plastic Chip Carrier , » 70»C/W 

Metric Plastic Quad Flat Pack 120°C/W 



Absolute Maximum Ratings Vbitages Referenced to Vss 

Supply Voltage, V^d -0.5V to +7V 

Input Voltage, V|n Vss - 0-3V to Vdo + 0.3V 

Self-Check Mode (IRQ Pin Only), V|n . . Vgs - 0.3V to 2 x Vqq + 0.3V 
Cun-ent Drain Per Pin Excluding Vqo and Vssi I 25mA 

Operating Temperature Range, T^ 
CDP68HC05C4, CDP68HC05C8 -40°C to +125°C 

CDP68HCL05C4, CDP68HCL05C8 0°C to +70°C . _ 

CDP68HSC05C4, CDP68HSC0SC8 0°C to +70°C ' " -- '. 1 _ 

Storage Temperature Range, Tstg -65°C to +150°C 

CAUTION: Stresses above those listed in 'Absoiute Maximum Ratings' may cause {permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 

DC Electrical Specifications Vod = 5V ±10%, Vss = OV, T^ = -40°C to +125°C, unless otherwise Specified. 



PARAMETER 


SYMBOL 




MIN 


TYP 


MAX 


UNITS 


Output Voltage 


Vol 


1. ... ar 1 fhl A 
'LOAD ^ lu^'* 






0.1 


V 




»D0 ^* ' 






V 


Output High Voltage 

rAD-7, rBU-7, rCO-7, TCMr 


VoH 


'load = -0.8mA 


Vdo -0-8 






V 


PD1-4 


VoH 


Iload = -1 -finiA 


Vdd -0.8 


- 


- 


V 


Output Low Voltage 

PAO-7, PBO-7, PCO-7, PD1.4, TCMP 


Vol 


'load = I -BmA 


- 


- 


0.4 


V 


inpul nign vonage, rrtu-/, rDU-/, ri^fU-/, ruu-o, 
PD7, TCAP, IRQ, RESET, 0SC1 


w 

VlH 




u.'*Vdd 




VDD 


\J 


Input Low Voltage, PAO-7, PBO-7, PCO-7, PIXI-5, 
PD7, TCAP, IRQ, RESET, OSC1 


ViL 




Vss 




0.2.VDD 


V 


Data Retention Mode 


Vrm 


Ta = 0°C to +70°C 


2 






V 


Supply Current (See Notes) 
Run 


Idd 






3.5 


7 


mA 


WAIT ' 


'dd 






1.6 


4 


mA 


STOP 


Idd 


Ta = 25°C 




2 


50 


ma 


7/^ = 0°C to +70''C 






140 


tiA 


Ta = -40°C to +85°C 






180 


HA 


Ta = -40°C to +125°C 






250 


HA 


I/O Ports Hi-Z l-eakage Current 
PAO-7, PBO-7, PCO-7, PD1-4 


111 








±10 


HA 


Input Current 

RESET, IRQ, TCAP, 0SC1, PDO, PD5, PD7 


l|N 








±1 


HA 


Capacitance Ports (As Input or Output) 
RESET, IRQ, TCAP, OSC1, PDQ-S, PD7 


CoLTT 








12 


pF 










8 


PF 



NOTES: 

1 . Tills device conUiins dreuitry to protect ttie inputs against damage due to high slatk; voltages of eledttk; fields; fiowever. It Is advised that 
normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high impedtpca circuit. For 
proper operation it is recommended that V|n and Vqut ^ constrained to the range Vss<(Vin or Vout)<Vdd- Reliability of operation is 
enhanced if unused inputs except OSC2 are connected to an appropriate logk: voltage level (e.g., eittier Vgs or Voo). 

2. All values stwwn reflect average measurement 1 .' 

3. Typical values at midpoint of voltage range, 25°C only. 

4. WAIT Iqd: Only timer system active (SPE = TE = RE = 0). If SPI, SCI active (SPE = TE = RE = 1 ) add 1 0% current draw. 

5. Run (Operating) Idd. WAIT Idd: Measured using external square-wave clock source (fosc = 4.2MHz), all Inputs 0.2V from rail, no tx; 
loads, less than 50pF on all outputs, C|. = 20pF on 0SC2. 

6. WAIT, STOP Idd: All ports configured as inputs, V|l = 0.2V, V|h = Vdo -0.2V. 

7. STOP loo measured with OSC1 =yM: v 

8. WAfTlooisafflBc^lnsiuiyliytiWi^Sd&capacHa^ ''^ ' ' ^ 



DC Electrical Specifications Vqq = 3.3V ±10%, v^s = ov, = -40°c to +\2S^, unless otherwise specified. 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Output Voltage 


Vol 


IloaoS1<H"A 






0.1 


V 


VOH 


Vdo-0.1 


- 


- 


V 


Output High Voltage 

PAO-7, PBO-7, PCO-7, TCMP 


VOH 


Iload = -0.2mA 


Vdo-0.3 


- 


- 


V 


PD1-4 


VoH 


'load = ■0.4mA 


Vdo-0.3 




- 


V 


Output Low Voltage 

PAO-7, PBO-7, PCO-7, PD1-4, TCMP 


Vol 


Iload = 0.4mA 






0.3 


V 


Input High Voltage, PAO-7, PBO-7, PCO-7, PDO-5, 

PD7, TCAP, IRQ, RESET, 0SC1 


V|H 




0.7.VDD 




Vdd 


V 


Input Low Voltage, PAO-7, PBO-7, PCO-7, PDO-5, 
P07, TCAP, IRQ, RESET, OSC1 


V|L 




Vss 


- 


0.2.VDD 


V 


Data Retention Mode 


Vbm 


T/^ = CC to +70*0 


2 








Supply Current (See Notes) 
Run 


IpD 






\ 


2.5 




WAIT 


IpD 




- 


0.5 


1.4 


mA 


STOP 


, Ipo 


Ta = 25°C 


- 


1 


30 


MA 


T* = 0°C to +70°C 






80 


pA 


= -40°C to +85°G 






120 


pA 


TA = -40°Cto+125°C 






175 


pA 


I/O Ports Hi-Z Leakage Cunent 
PAO-7, PBO-7, PCO-7, PD1-4 


l|L 








±10 


|1A 


Input Current 

RESET, IRQ, TCAP, OSC1, PDO, PD5, PD7 


l|N 








±1 


pA 


Capacitance Ports (As Input or Output) 
RESET, IRQ, TCAP, pSCl, ^DO-5, PD7 


CouT 








12 


pF 












8 


PF 



NOTES: 

1 . All values shown reflect average measurement. 

2. Typical values at midpoint of voltage range, 25°C only. 

3. WAIT Idd: Only timer system active (SPE = TE = RE = 0). If SPI, SCI active (SPE = TE = RE = 1) add 10% current draw. 

4. Run (Operating) Idq. WAIT Iqq: Measured using external square-wave clock source (fosc = 4.2MHz), i^jnft^ 0^ from rail, no DC 
loads, less than SOpF on all outputs, Cl = 20pF on 0SC2. - - - - - - ^ 

5. WAIT, STOP Idq: All ports configured as Inputs, V{i. = 0.2V, V,h ' Voo -0.2V. 

6. STOP Idd measured with OSC1 = Vss- ^ . _ 

7. WAIT loo is affaciad llii»0y by ihs DSG2 oi^^ 



(0 

oc 
u 

6 J 

o 
o 



8^ 



SpeeMcatlom CmmeHCOSCA, GDP68HC0SC8 



Control Timing Vqq = 5V ±10%, Vss==OV,Ta = -40°C to -flZS'C, Unless otherwise Specified. 








PARAMETER 


SYMBOL 


MIN 


MAX 


UNtrs 






Frequency Of Operation 














Crystal Option 


f 

lose 




4.2 


MHz 






External Clock Option 


1 

lose 


rv* 


4.2 


Mnz 






Internal Operatir)g Frequency 














Crystal (tosc + 2) 


f 

'OP 




2.1 


MHz 






External Clock (lose 2) 


'op 


DC 


2.1 


MHz 






Cycle Time (See Figure 11) 


•cYC 


480 




ns 






Crystal osciRator atart-up Time for at-cui crystal (see Figure 11} 


•oxov 




100 


ms 






Stop Recovery Start-up Time (AT-cut Crystal Oscillator) (See Figure- 1) 


•iLCH 




100 


ms 






Htot 1 ruise widtn (oee rigure 11 ) 


•rl 


1.5 




tcYC 






Timer ^ 














Resolution (Note 2) 


•res 


4 




tcYC 






Input Capture Pulse Width (See Figure 2) 




125 




ns 






Input Capture Pulse Period (See Figure 2) 


•tltl 


(Note 3) 




tcYC 






Interrupt Pulse Width Low (Edge-Triggered) (See Figure 14) 


kiH 


125 




ns 






Interrupt Pulse Period (See Figure 14) 


•lUH 


(Note 1) 




•cYC 






OSC1 Pulse Wiltth 


loH. foU 


90 




ns 




NOTES: 










1 . The mlnlmuin period t|UL should not t>e less ttian the numtier of cyde times it takes to execute the interrupt service routine plus 21 V;yc- 

2. Sinces24>itprescalerinthetinwrnustoountfourinternalcycies(t(^,lhisisthelimltingrnlnimim 

3. ThernrwriuinperiodtTULS'i°i'ld'K)tl»lss8VHnthenurriberofcydetimsBittai(esto 


Control Timing Vdo = 3.3V ±10%, Vss = OV, T^ = -40°C to +125°C, unless Othenwise Specified. 








PARAMETER 


SYMBOL 


MIN 


MAX 


UNITS 






Frequency Of Operatkxi 














Crystal Option 


'osc 




2.0 


MHz 






External Clock Option 


'osc 


DC 


2.0 


MHz 






Internal Operating Frequency 














Crystal (lose + 2) 


•op 




1.0 


MHz 






External Ctock (fosc + 2) - - _ 




ix: 


1.0 


MHz 






Cycle Time (See Rgure 11) 


•cYC 


1000 




ns 






Crystal Oscillator Start-up Time for AT-cut Crystal (See Figure 1 1 ) 


loxov 




100 


ms 






Stop Recovery Start-up Time (AT<ut Crystal Oscillator) (See Figure 1) 


•llCH 




100 


ms 






RESET Pulse WklSi (See Figure 11) 


tRL 


1.5 




tCYC 






Timer 














Resolution (Note 2) 


'res 


4 




tcYC 






Input Capture Pulse Width (See Figure 2) 




250 




ns 






Input Capture Pulse Period (See Figure 2) 


•tltl 


(Notes) 




•cYC 






Interrupt Pulse Width Low (Edge-Triggered) (See Figwe 14) 


•iLIH 


250 




ns 






Interrupt Pulse Period (See Figure 14) 


•lUH 


(Notel) 




tCYC 






OSC1 Pulse WMth 


•oh. foL 


200 




ns 




NOTES: 










1 . The minimum period t|ui.shouldnott>e less than the numt)er of cyde times it takes to execute ttie interrupt senrice routine plus 2 1 tcyc- 

2. Sincea2-Mprescalerlnthetiiiiermustcoumfourintsrnalcycles(t(<Yd,thlsistheiimitingminim 

3. The minimum period tyuL shouM not be less than ttie number of cycle times It takes to execute the cajsture Interrupt service routine plus 24 tcvc - 
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specmcations cDpmHcosc4, cw>mmQsm 



Serial Peripheral Interface (SPI) Timing 



(See Figure 3) Vdd = 5V ±10%, Vss = OV, = -40°C to +125'>C 
Unless Otherwise Specified. 



NUMBER 


PARAMETER 




MIN 


MAX 


UNrrs 




Operating Frequency 
blaster 


'oP(M) 


DC 


0.5 


fop(Note3) 


Slave 


fep(S) 


DC 


2.1 


MHz 


1 


Cycle Time 
Master 


fc¥C(M) 


2.0 


■ 


tcYC 


Slave 




480 




ns 


2 


Enable Lead Time 
Master 


•leackm) 


(Note 1) 






Slave 


<LEAD(S) 


240 




ns 


3 


Enable Lag Time 
Master 


•UAQ(M) 


(Note 1) 


■ 




Slave 


fLAQ(S) 


240 




ns 


4 


Clock (SCK) High Time 
Master 


tw(SCKH)M 


340 




ns 


Stave 


'vif(SCKH)S 


190 




ns 


5 


Clock (SCK) Low Time 
Master 


'W(SCKL)U 


340 


■ 


ns 


Slave 


•w(SCKL)S 


190 




ns 


6 


Data Setup Time (Inputs) 
Master 


tsU(M) 


100 




ns 


Slave 


tsu<s) 


100 


- 


ns 


7 


Data Hold Time (Inputs) 
Master 




100 




ns 


Slave 




100 


- 


ns 


8 


Access Tinfie (Tinra to Data Active from High Impedance State) 
Slave 







120 


ns 


9 


Disable Time (l-lold Time to l-iigh Impedance State) 
Slave 


k)is 




240 


ns 


10 


Data Valid Time 
Master (Before Capture Edge) 


'V(M) 


0.25 




'CYC(M) 


Slave (After Enable Edge) (Note 2) 


«V(S) 




240 


ns 


11 


Data Hold Time (Outputs) 
Master (After Capture Edge) 


tHO(M) 


0.25 






Slave (After Enable Edge) 


VlCHS) 







ns 


12 


Rise Time (Moo = 20% to 70%, Cl = 200pF) 
SPI Outputs (SCK, MOSI, MISO) 


ih(M) 




100 


ns 


SPI Inputs (SCK, MOSI, MISO, SS) 


«R(S) 




2.0 


VS 


13 


Fall Time (Vpo = 20% to 70%, C^ = 200pF) 
SPI Outputs (SCK, MOSI, MISO) 


tF(M) 




100 


ns 


SPI Inputs (SCK, k40SI, »|ISO, ^) 






2.0 


lis 



V) 

cc 
O J 

go 



o 
u 



NOTES: 

1. Signal Production depends on software. 

2. Assumes 200pF load on all SPI pins. 

3. Note that the units this specification uses is fop (internal operating frequency), not MHz! In the master mode the SPI bus Is capat)le of 
running at one-half of the devices's internal operating frequency, therefore 1 .05MHz maximum. 



^mMsB^am (^Pe8Mmi^^ W^P&MC(^G8 



Serial Peripheral Interface (SPI) Timing (See Figure 3) VDo = 3.3V±io%,Vss = ov,TA = -40°Cto+i25°c 

Unless Othemlse Spedfled. 



NUMBER 


PARAMETER 


SYMBOL 


MIN 


MAX 


uNrrs 




Operating Frequency 
Master 


'OP(M) 




5 




Slave 


t0P(« 


DC 


1.0 


MHz 


1 


Cycle Tkne 
Master 


<CYC(M) 






tcYC 


Slavs 


•CYCCS) 


1.0 


- 


US 


2 


Enable Lead Thne 
Master 


*LEAO(M) 


(Note 1) 






Slave 


'lEAD(S) 


500 


- 


ns 


3 


Enable Lag Time 
Master 


1laG(M) 


(Note 1 ) 






Slave 


tLAG(S) 


500 




ns 


4 


Clock (SCK) High Time 
Master 


tW(SCKH)U 


720 




ns 


Slave 


<W(SCKH)S 


400 


- 


ns 


5 


Clock (SCK) Low Time 
Miister 


tW(8CKL)M 


720 




ns 


Slave 


tW(SCN.)S 


400 


- 


ns 


6 


Data Setup Time (Inputs) 
Master 


<SU(M) 


200 


- 


ns 


Slave 


<SU(S) 


200 




ns 


7 


Data Hold Time (Inputs) 
Master 


<H(M) 


200 


- 


ns 


Slave 


«H(S) 


200 




ns 


8 


Access Time (Time to Data Active from High Impedance State) 

Slave 


Ia 





250 


ns 


9 


Disable Time (Hold Time to High Impedance State) 
Slave 


tois 


- 


500 


ns 


10 


Date Vaid Tkne 
Master (Before Capture Edge) 


«V(M) 






•CYC(M) 


Slave (After Enable Edge) (Note 2) 


'V(S) 




500 


ns 


11 


Data Hold Time (Outputs) 
Master (After Capture Edge) 


1ho(M) 






1cYC(M) 


Slave (After Enable Edge) 


•how 







ns 


12 


Rise Time (Vpo = 20% to 70%, Cl = 200pF) 
SPI Outputs (SCK, MOSI, MISO) 






200 


ns 


SPI Inputs (SCK. MOSI, MISO, S§) 


»R(S) 




2.0 


US 


13 


Fall Time (Vdo = 20% to 70%, Cl <c 200pF) 

SPI Outputs (SCK, MOSI, MISO) 


tF(M) 




200 


ns 


SPI Inputs (SCK, MOSI, MISO, SS) 


tF(S) 




2.0 


US 



NOTES: 

1. Signal Praductkm depends on software. 

2. Assumes 200pF toad on al SPI pins. 

3. Note that the unite this specHtaalton uses Is (qp (Internal operating frequency), not MHzl In the master mode the SPI bus Is capable of 



running at one-half of the devtees's Intemal operating frequency, therefore 0.05MHz maximum. 



2m 



Specmeaitohs CDP68HCL0SG4, CBPmiCLOSCB 



DC Electrical Specifications Vqd » SV ±1 0%, Vss = OV, > 0°C to +70°C, Unless Othenvise Specified. 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Output VoH&QO 


Vol 


'LOAD S1U^1A 






1 


y 


VoH 


Vdd -0-1 


- 




V 


OiAput High Voltage 

PAO-7, PBO-7, PCOiT, TCMP 


VoH 


'load = -O-SmA 


Vdd -0.8 


_ 


_ 


V 


PD1-4 


VoH 


'load = '^•6'^ 


Vdd -0.8 


- 


- 


V 


Output Low Voltage 

PAO-7, PBO-7, PCO-7, PD1-4, TCMP 


Vol 


Ilo*D = 'l-B'nA 


- 


- 


0.4 


V 


Input High Voltage, PAO-7, PBO-7, PCO-7, PDO-5, 


VlH 




0.7-Vdo 


■ 


Vdd 


V 


Input Low Voltage, PAO-7, PBO-7, PCO-7, PDO-5, 
PD7, TCAP, IRQ, RESET, 0SC1 


V|L 




»ss 






\J 


Data Retention Mode 


Vrm 


TA = 0»Cto+70°C 


2 


- 


- 


V 


supply cutrent (See Notes) 
Run 


'dd 




■ 


- 


5 


mA 


WAIT 


'do 




- 


- 


2.75 


mA 


STOP 


loD 


T* = 25''C 


- 


- 


15 


(lA 


TA = 0°CtO+70°C 






25 


liA 


I/O Ports Hi-Z Lealcage Cuirent 
PAO-7, PBO-7, PCO-7. PD1-4 


IlL 








±1 


HA 


Input Current 

RESET, IRQ, TCAP, OSC1 , PDO, PD5, P07 


l|N 








±1 


HA 


Capacitance Ports (As Input or Output) 










12 


pF 


RESET, IRQ. TCAP. 0SC1 . PDO-5, PD7 


C|N 








8 


pF 



NOTES: 

1. All values Shown reflect average measurement 

2. Typical values at midpoint a( voltage range. 29% only. 

3. WAIT Idd'. Only timer system active (SPE = TE = RE = 0). if SPI, SCI active (SPE = TE = RE = 1) add 10% current draw. 

4. Run (Operating) Iod- WAIT Idd: Measured using external square-wave dock source (Iqsc = 4.2MHz), all Inputs 0.2V from rail, no DC 
loads, less than 50pF on all outputs, C;. = 20pF on OSC2. 

5. WAIT, STOP Idd: All ports configured as lnpUIS,V|i.» 05V, V|H = Vpo»-0.2yv i 

6. STOP ipo measured with OSC1 = Vgs- - -- J. - 

7. WAIT loo is anectedHneatty by the 0SC2 capacitance. .. . . 



1 



spmmeamnaiCDPmwLQses^GDPeBHmmca 



DC Electrical Specifications Vqo = 2.4V - 3.6V, Vss = ov, = o°c to +70°c, unless otherwise Specified. 



PARAMETER 


SYMML 


CONDilXNilS 


MIN 


TYP 


MAX 


UNITS 


Output Voltage 


Vol 


•lohdSIOhA 






0.1 


V 


VOH 


Voo-0.1 


- 


- 


V 


Output High Volt&ge 

PAO-7, PBO-7, PCO-7, TCMP 


VoH 


'load = -0.2mA 


Vdo-0.3 


- 


- 


V 


PD1-4 


VoH 


■load ■ ■0.4inA 


Voo-0.3 


- 


- 


V 


Output Low Voltage 

PAO-7, PBO-7, PCO-7, PD1-4, TCMP 


Vol 


'load ™ 0.4niA 






0.3 


V 


inpUI nlyn vOllaQO, rf\U-f, roKhf, r\^\j-f, rUU-0| 

PD7, TCAP, IRQ, RESET, OSC1 


w 

»IH 








Vdd 


V 


Input Low Voltage, PAO-7, PBO-7, PCO-7, PDO-5, 
PD7, TCAP, IRQ, RESET, OSC1 


VlL 




Vss 




0.2.VDO 


V 


Data Retention Mode 


Vrm 


T;^ = OfC to +70»C 


2 






V 


Supply Current (3.6Vqc at fosc = 2MHz) 
Run 


bo 








1.75 


mA 


WAIT 


Idd 








900 


]iA 


STOP 


'do 


T^ = 25°C 


■ 




5 


HA 


TA = 0°Cto-f70°C 






10 


|iA 


Supply Current (2.4V[x; at ^>sc ' I MHz) 
Run 


■do 




- 


- 


750 


ma 


WAIT 


1 

■do 










■ t A 


olUr 


1 

■do 








2.0 


ma 








5.0 


iiA 


I/O Ports Hl-Z Leakage Current 
PAO-7, PBO-7, PCO-7, PD1-4 


l|L 








±1 


ma 


Input Current 

RESET, IRQ, TCAP, OSC1, PDO, PD5, PD7 


■in 








±1 


ma 


Capacitance Ports (As Input or Output) 


CouT 








12 


PF 


RESET, IRQ, TCAP, 0SC1, PDO-5, PD7 










8 


pF 



NOTES: 

1. Al values shown reffectavwagetnaasuieinenL - ■ ^ ^ <- ' 

2. Typical values at midpoint of voltaga range, 25% only. 

3. WAIT Ido: Only timer system active (SPE = ° RE < 0). If SPI, SCI acUve {SPE = TE • RE ° 1) add 10% current draw. 

4. Run (Operating) Idd. WAIT Iqq: Measured using external sc|ua(»wave clock source, aU taputs 0.2V from rait, no DC loads, less than SOpF 

on all outputs, Cl = 20pF on OSC2. 

5. WAIT, STOP Idd: All ports configured as Inputs, Vk. = OiV, V|h » Voo -05V. 

6. STOP Iqd measured with OSC1 = Vss- 

7. WAITlDoisaflectodlkMailybytheOSC2eapac)tHiee. 
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Specifications CDP68HCL05C4, CDP68HCL05C8 



Control Timing Voo = 5V ±10%, Vgs = OV, = 0°C to +7ff>C, Unless otherwise Specifled. 



PARAMETER 


SYMBOL 


MIN 


MAX 


UNITS 


Frequency Of Operation 
Crystai Option 


fosc 


■ 


4.2 


MHz 


External Clocic Option 


fosc 


DC 


4.2 


MHz 


Internai Operating Frequency 
Crystal (fosc + 2) 


'op 


- 


2.1 


MHz 


External Clock(fosc + 2) 


!op 


DC 


2.1 


MHz 


Cycle Time (See Figure 11 ) 


•cYC 


480 


- 


ns 


Crystal Oscillalor Start-up Time for AT-cut Crystal (See Figure 11) 


toxov 


- 


100 


ms 


Stop Recovery Start-up Time (AT-cut Crystal Oscillator) (See Figure 1) 


tlLCH 




100 


ms 


RESET Pulse Width (See Fi0jre 11) 






- - 


<CYG 


Timer 

Ftesolution (Note 2) 


(res 


4 




tcYC 


Input Capture Pulse Width (See Rgure 2) 


tin. hi. 


125 




ns 


Input Capture Pulse Period (See Rgure 2) 


^aiL 


(Note 3) 




tcYC 


Interrupt Pulse Width Low (Edge-Triggered) (See Rgure 14) 


kiH 


125 




ns 


Interrupt Pulse Period (See Figure 14) 


•lUH 


(Note 1) 




•cYC 


0SC1 Pulse Widtfi 


•oh. toL 


90 




ns 



NOTES: 

1 . The minimum period t|y|^ should not l>e less than ttie numl>er of cycle times it takes to execute the interrupt service routine plus 21 tcYC- 

2. Since a 2-bit prescaler in ttie timer must count four internal cycles (tcvc). 'his is the limiting minimurn factor in detemiining the timer resolution. 

3. The minimum period t^ui, shouki not be less than ttie number of cycle times It lakes to execute ttie capture Interrupt service routine plus 24 tcYc- 

Control Timing Vdo = 2.4V -3.6V, Vss = OV, Ta = 0°C to *7CPC, unless otherwise Specified. 



PARAMETER 


SYMBOL 


3.6Vdc 




UNITS 


MIN 


MAX 


MIN 


MAX 


Frequency Of Operation 
Crystal Option 


fosc 




2.0 




1.0 


MHz 


External Clock Option 


fosc 


DC 


2.0 


DC 


1.0 


MHz 


Internal Operating Frequency 
Crystal (fosc + 2) 


top 




1.0 




0.5 


MHz 


External Clock (fosc + 2) 


<0P 


DC 


1.0 


DC 


0.5 ^ 


MHz 


Cycle Time (See Figure 1 1 ) 


•cYC 


10OO 




2000 




ns 


Crystal Oscillator Start-up Time for AT-cut Crystal (See Figure 11) 


Ibxov 




100 




too 


ms 


Stop Recovery Start-up Time (AT-cut Crystei Oscillator) (See Rgure 1) 


'iLCH 




100 




100 


ms 


RESET Pulse Width (See Figure 11) 


t«. 


1.5 




1.5 




•cYC 


Timer 

Resolution (Note 2) 


•res 


4.0 




4.0 




tcYC 


Input Capture Pulse Width (See Figure 2) 


'th.^tl 


250 




500 




ns 


Input Capture Pulse Period (See Rgure 2) 


^TLTL 


(Note 3) 




(NotB3) 




tcYC 


'Interrupt Pulse Width Low (Edge-Triggered) (SSf) Rgure 14) 


•{LIH 


250 




500 




ns 


Interoipt Pulse Period (See Rgure 14) 


klH 


(Note 1) 




(Note 1) 




tcYC 


0SC1 Pulse Width 


•oHitOL 


200 




400 




ns 



NOTES: 

1. The minlinuin period tjm. ateuU DOt be lees than number o( cyde tnws it talus to execute lha totanuptaarvlce rouHm phjs21 tcrc- 

2. Since a 2-blt prescaler In Bw tbner muatiaintioijr IMairaU G)iGlas (lt^«ilB Isthe l^^ IndetamMngthallnieF lesolution. 

3. Tl»miniinuinperiodtaTLS>i<>uWnatbale8sihanihenuinberofcydatlmeBltW«sto^^ 



<sismmt^mCBPBaHCLm&tiCm>eaHGL^C8 



Serial Peripheral Interface (SPI) Timing (See Figure 3) Vqd = 5V ±10%, Vss = ov, T;^ = cc to +70<>c 

Unless Otherwise Specified. 



NUMBER 


PARAMETER 


SYMBOL 


MIN 


MAX 


UNrrs 




Operating Frequerwy 
Master 


f 

'0P(M) 




u.o 


iQp \ri\)lv Of 


Slave 


'0P(S) 


DC 


2.1 


MHz 


1 


CydeTlme 
Master 




2 




tcYC 


Slave 


tcYC(S) 


480 


- 


ns 


2 


Enable Lead Time 
Master 


tLEAD(M) 


^iNOie 1 ; 






Slave 


'lEAD(S) 


240 


- 


ns 


3 


Enable Lag Time - — . - - 
Master 


kAQ<M) 


(Note 1) 






Slave 




240 


- 


ns 


4 


Cloci< (SCK) High Time 
Master 


'W(SCKH)M 


340 




ns 


Slave 


•w(SCKH)S 


190 


- 


ns 


5 


Clock (SCK) Low Hme 
Master 


tw(SCKL)M 


340 




ns 


Slave 




190 


- 


ns 


6 


Data Setup Time (inputs) 
Master 


'SU(M) 


100 


- 


ns 


Slave 


tsu(S) 


100 




ns 


7 


Data Hold Time (Inputs) 
Master 


1h(M) 


100 


- 


ns 


Slave 


1h(S) 


100 




ns 


8 


Access Time (Time to Data Active from High Impedance State) 

Slave 


tA 





120 


ns 


9 


Disable Tinne (Hold Time to High Impedance State) 
Slave 


'dis 


- 


240 


ns 


10 


Data Valid Time 
Master (Before Capture Edge) 


'V(M) 


0.25 




'CYC(M) 


Slave (After Enable Edge)(Note 2) 


tV(S) 




240 


ns 


11 


Data Hold Time (Outputs) . 


^HOCM) 






•cYCCM) 


Slave (After Enable Edge) 


'hO(9) 







ns 


12 


Rise Time (Vqq = 20% to 70%, Cl = 200pF) 
SPI Outputs (SCK, MOSI, MISO) 


tR(M) 




100 


ns 


SPI Inputs (SCK, MOSI, MISO, SS) 


tB(S) 




2.0 


(is 


13 


Fall Time (Vpo = 20% to 70%, Ci. = 200pF) 
SPI Outputs (SCK, MOSI, MISO) 






100 


ns 


SPI Inputs (SCK, MOSI, MISO, SS) 


tF(S) 




2.0 


us 



NOTES: 

1 . Signal Production depends on software. • ■ 

2. Assumes 200pF load on all SPI pins. 

3. Note that the units this specification uses is fop (internal operating frequency), not MHz! In the master mode the SPI bus is capable of 
running at one-halt of the devices's internal operating frequency, therefore 1.05MHz maximum. 
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specifications CDP68HCL05C4, CDP68HCL05C8 



Serial Peripheral Irttertece (SPI) Timing (See Rgure 3) Vqo = 2-4V -aeVoc. Vss = ov, Ta = o°c to +70<>c 

Unless Otherwise Specified. 



NUMBER 


PARAItllETER 


SYMBOL 


3.6Vcx: 


2-4Vdc 


UNITS 


MIN 


MAX 


MIN 


MAX 




Operating Frequency 
Master 


'OP(M) 


DC 


0.5 


DC 


0.5 


fop 
(Note 3) 


Slave 


'OP(S) 


DC 


1.0 


DC 


0.5 


MHz 


1 


Cycle Time 
Master 




2.0 




2.0 




tcYC 


Slave 




1.0 




2.0 




(IS 


2 


Enable Lead Time 
Master 


tLEAD(M) 


(Note 1) 


■ 


(Note 1) 


- 


- 


Slave 


tLEAD(S) 


500 




TBD 




ns 


3 


Enable Lag Time 

Master 


tLAQ(M) 


(Note 1) 


• 


(Note 1) 




- 


Slave 


'lAG(S) 


500 




TBD 




ns 


4 


Clock (SCK) High Time 
Master 


tw(SCKH)M 


720 


- 


TBD 


- 


ns 


Slave 


'w(SCKH)S 


400 




TBD 




ns 


S 


Clock (SCK) Low Time 
Master 


'w(SCKL)M 


720 




TBD 




ns 


Slave 


'W(SCKL)S 


400 




TBD 




ns 


6 


Data Setup Time (inputs) 
Master 


'SU(M) 


200 




TBD 


- 


ns 


Slave 


'SU(S) 


200 


- 


TBD 


- 


ns 


7 


Data Hold Time (Inputs) 
Master 


'h(M) 


200 


- 


TBD 


- 


ns 


Slave 


tH<S) 


200 


- 


TBD 


- 


ns 


8 


Access Time (Time to Data Active from High Impedance State) 
Slave 


tA 





250 





TBD 


ns 


9 


Disable Time (Hold Time to High Impedance State) 
Slave 


'dis 




500 




TBD 


ns 


10 


DataVsdid'Tlme 
Master (Before Capture Edge) 


tv(M) 


0.25 


" 


TBD 


" 


ICYC(M) 


Slave (After Enable Edge) (Nob 2) 


'V(S) 




500 






ns 


1 1 


Data Hold Time (Outputs) 
Master (After Capture Edge) 


'hO(M) 


0.25 




TBD 




'CYC(M) 


Slave (After Enable Edge) 


•hO(S) 












ns 


12 


Rise Time (Vdd = 20% to 70%. Cl = 200pF) 
SPI Outputs (SCK, MOSI, MISO) 


'R(M) 




200 




TBD 


ns 


SPI Inputs (SCK, MOSI, MISO, SS) 


'R(S) 




2.0 




TBD 


MS 


13 


Fall Time (Voo = 20% to 70%, Cl = 200pF) 
SPI Outputs (SCK, MOSI, MISO) 


<F(M) 




200 




TBD 


ns 


SPI inputs (SCK, MOSI, MISO, SS) 


tF(S) 




2.0 




TBD 


US 



NOTES: 



1 . Signal Production depends on software. 

2. Assumes 200pF load on all SPI pins. 

3. Note that the units this specification uses is top (internal operating frequency), not MHzl In the master mode the SPI bus is capat)le of 
running at on»4ialf of the dsvlces's Internal operating frequency. 



spmgmaoms ci^mmsBsot. cmmus^mc» 



DC Electrical Specifications Vqd = 5V ±10%, Vss = ov, Ta = o°c to +70°c, unless ottmwise specMad. 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Output Voltage 


Vol 


IloadSIQM* 






0.1 


V 


VoH 


Voo-O-t 






V 


Output High Voltage 

PAO-7. PBO-7, PCO-7, TCMP 


VOH 


Iload = -<)•*»* 


Vdo-0^ 


- 


- 


V 


P01-4 


Vnu 
•On 










V 


Output Low Volt3Q8 

PAO-7, PBO-7, PCO-7, PD1-4, TCMP 


Vni 








0.4 


V 


Input High Voltage, PAO-7, PBO-7, PCO-7, PDO-5, 
P07, TCAP, IRQ, RESET, OSC1 


V|H 




0.7.VDD 




Vdd 


v 


Input Low Voltage, PAO-7, PBO-7, PCO-7, PDO-5, 
PD7, TCAP, IRQ, RESET, OSC1 


V|L 




Vss 




0.2.Vdd 


v 


Data Retenljon Mode 


VflM 


TA = 0»Cto+70°C 


2 




. 


V 


Supply Current (See Notes) 
Run 


'dd 






6.7 


13.3 




WAIT 


■do 




- 


3.0 


7.6 


mA 


STOP 


Ipo 


Ta-25^ 


- 


2.0 


50 


ma 


TA = («;to+70°C 


- 


- 


140 


|iA 


I/O Ports Hl-Z Leakage Current 
PAO-7, PBO-7, PCO-7, PD1-* 


l|L 








±10 


ma 


Input Current 

RESET, IRQ, TCAP, OSC1, PDO, PD5, PD7 


IjN 








±1 


jiA 


Capacitance Ports (As Input or Output) 


CoLfT 








12 


pF 


RESET, IRQ, TCAP, OSC1, PDO-5, PD7 










8 


PF 



NOTES: -• . - . - 

1 . All values shown reflect average measuremenL 

2. Typical wakies at mMpabit of vollage range, 2S°C only. 

3. WAIT loo: Only timer system active (SPE = TE = RE = 0). If SPI, SCI acOve (SPE = TE = RE » 1) add 10% current draw. 

4. Run (Operating) Ido, WAIT lop: Measured using external square-wave dock source ftoaa = 8.0MHz), all inputs 0.2V from rail, no DC 
loads, less ttian SOpF on all outputs, C). = 20pF on OSC2. 

5. WAIT, STOP Idd: All ports configured as inputs, V|l = 0.2V, V|h = Voq - 0.2V. 

6. STOP Idd measured with 0SC1 = Vss- 

7. WAIT Idd is affected linearly by the 0SC2 capacitance. 




Specifications CDP68HSC05C4, CDP68HSC05C8 



DC Eleetrlcal Specifications Vdo • 3-3V ±10%. Vss • ov, Ta > (y>C to +70»c. Unless otheiwiss Spedfed. 



PARAMETER , 


SYMBOL 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Output Voltage 




V<x 


lLOADSlOtiA 






0.1 


V 


VoH 


Voo-0.1 


- 


- 


V 


Output HIgli Voltage 

PAO-7, PBO-7, PCO-7, TCMP 


VoH 


Iload = -0.8mA 


Vdo -0.3 


- 


- 


V 


PD1-4 


VoH 


'load = -1-6mA 


Vdo -0.3 


- 


- 


V 


Output LjOw Voltage 

PAO-7, PBO-7, PCO-7, PD1-4, TCMP 


Vol 


Iload = 1 -GmA 


- 


- 


0.3 


V 


Input High Volte 
PD7,TCAP,?RC 


e, PAO-7, PBO-7, PCO-7, PDO^, 
, RESET, OSC1 


V|H 




0.7'Vbo 


- 


Vdo 


V 


Input Low Voltage, PAO-7, PBO-7, PCO-7, POO-5, 
PD7, TCAP, IRQ, RESET, OSC1 


V,L 




Vss 




0.2.Vdd 


V 


Data Retention Mode 


Vrm 


Ta = 0»C to +70°C 


2 




" 


V 


Supp^ Current (Sm Notas) 
Run 




- ■ 


- 


1.0 


2.5 


mA 


WAIT 


1 

'do 






U.5 


1 .4 


mA 


STOP 




loo 


Ta = 25°C 




1.0 


30 


HA 


T. s CPC in 4.7CPCt 






80 




I/O Ports Hi-Z Leakage Current 
PAO-7, PeO-7, PCO-7, PD1-4 


l|L 








±10 


tiA 


Input Current 

RESET, IRa TCAP.OSai, PDO, POS, PD7 


l|N 








±1 


HA 


Capacitance Porl 


Is (As Input or Output) 
AP,OSC1,PD0-5,PD7 


CouT 








12 


pF 


RESET, IRQ, TC 


C|(4 








8 


PF 



NOTES: 

1. AH values shown reflect average measurement 

Z, Typical values at midpoint of yoitafle range, 2S°C only. 

a WAIT lop: Only timer syslam acOve (SPE= TE = RE = 0). If SPI, SCI active (SPE ° TE = RE = 1) add 10% current draw. 

4. Run (Operating) loo. WAIT loo: Measured using external square-wave doclc source (lose " 2.0MI^), all inputs 0.2V from rail, no DC 
loads, less than SOpF on all outputs, C|. 3 20pF on 08C2. 

5. WAIT, STOP loo: All ports configured as Inputs, V,,. = 0.2V, Vh - Voo - 0.2V. 
& STOP loo measured with OSC1 ^ Vss- 

7. WAIT loo is aflactad Hneaily t>y the OSC2 capacitance. 



^immi^mm cop^HSCosot, copesHSCosca 



Control Timing Vqo = SV ±10%, Vgs = OV, Ta = 0°C to +70°C, Unless otherwise Specified. 








PARAMETER 


SyMBQL 


Mm 


MAX 


UNITS 






Frequency Of Operation 

r^ruQtnl Ontinn 


lose 




8.0 


MIHz 






Fytomal P.lfv^k Ontinn 


lose 


DC 


8.0 


MHz 






Intarnal Onoratinn Proni lon/'u 
lllldllal a 111 i\j 1^1 c^uci iv.y 

Crystal (fosc + 2) 


'op 




4.0 


MHz 








'OP 


DC 


4.0 


Mi-lz 






l^uf lo Tlmo fQoo Pint iro 11\ 
wy\y Its 1 11 1 its \ocG T^iyuiw i i / 


tcYC 


250 










Or\;ctal Oct'iIIe) tnr Qia r^.i in Tlrno for AT-r^i it Orvctal /Qoa Pini iro 11^ 
•^1 y jLa.1 ^w/o^^ til al*Jl OLaltup llinc i\J\ i I VyiVoLcll ^Occ iiyUltJ 1 l / 


k)xov 




100 








oiU|j ntArUVei y oidi i i ii iic t ystcu wsiifiHcMUi f riuuiv 1 1 


tlLCH 




100 








RF^FT PiiIqa Wirith Piniiro 11^ 
fiLOCi 1 nuibo vviuui nyuio 1 1 ) 


•rl 


1 5 




tcYC 






Resolution (Nkjte 2) 


•res 


4 




tcYC 






Input Capture Pulse Width (See Rgure 2) 


Ith. 'tl 


63 




ns 






Input Capture Pulse Period (See Figure 2) 


•tltl 


(Note 3) 




tcYC 






interrupt Pulse Width Low (Edge-Triggered) (See Figure 14) 


tiLIH 


63 




ns 






Interrupt Pulse Perk>d (See Figure 14) 


tiLlH 


(Note 1) 




tcYC 






0SC1 Pulse Width — - - - 


•oh. teL 


45 




ns 




NOTES: . 

1. Tile miniiTHffn period t|uLS'i<>ul<l not lie less ttmn tin nunUMr of cycle times Ktal^ Icyc- 

2. Since aZ-bit prescaler in the timer must count four Internal cycles (tcYc)> llils Is the limiting minimum factor in determining tfie timer resolution. 

3. Ttie mMmum period tnji. should not be less than the nmher of cyde times it takes to execute the capture interrupt service routine plus 24 tcyc- 


Control Timing Vqo = 3.3V ±10%, Vss = OV, Ta = 0°C tp +70fC, unless otherwise Specified. 








PARAMETER 


SYMBOL 


MIN 


MAX 


UNITS 






Frequency Of Operatton . . - _ _ 
Crystal Option 


'osc 




2.0 


MHz 






Extemal Clock Optkm 


fosc 


DC 


2.0 


MHz 






Internal Operating Frequency ' 
Crystal (fosc + 2) 


'op 




1.0 


MHz 






Extemal Ckick (fosc + 2) 


fop 


DC 


1.0 


MHz 






Cycle Time (See Figure 1 1 ) 


tcYC 


1000 




ns 






Crystal Oscillator Start-up Time for AT-cut Crystal (See Figure 1 1 ) 


toxov 




100 


ms 






Stop Recovery Start-up Time (AT«ut Crystal Oscillator) (See Figure 1) 


•iLCH 




100 


ms 






RESET Pulse WIdtti (See Bgure 11) 




1.5 




tcYC 






Timer 

Resolution (Note 2) 


•res 


4 




tcYC 






Input Capture Pulse Width (See Figure 2) 


'th. Itl 


250 




ns 






Input Capture Pulse Period (See Figure 2) 


•tltl 


(Note 3) 




tcYC 






Interrupt Pulse Width Low (Edge-Triggered) (See Figure 14} 


t|UH 


250 




ns 






Interrupt Pulse Perkxl (See Figure 14) 


•iLIH 


(Note 1) 




tcYC 






0SC1 Pulse Width 


tOH. tOL 


200 




ns 




NOTES: 

1 . The minimum period tiuL should not be less than the number of cycle times it takes to execute the interrupt servtee routine plus 21 tcvc- 

2. Since a 2-bit prescaler in the timer must count four internal cycles (tcvc). this is the limiting minimum factor in determining ttie timer resolution. 

3. The minimum period tjLTL should not be less than the nurriber of cycle tin«sittakestoexeculethecapturelnterruptservk»routin^ 
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Specifications CDP68HSC05C4, CDP68HSC05C8 



Serial Peripheral Intertace (SPI) Timing (SeeHgureS) Voo=sviio%,Vss>ov,TA=o°cto-f70°c 

Unless omeratBe Specffiad. 



NUMBER 


PARAMETER 


SVMBOL 


MIN 


MAX 


UNTTS 




Operating Frequency 
Master 


k>P(M) 


DC 


0.5 


fop(Note3) 


Slave 




DC 


4.0 


MHz 


1 


Cycle Time 
Master 


•CYC(M) 


2.0 


- 


•cYC 


Slave 




250 




ns 


2 


Enable Lead Time 
Master 


tLEAO(M) 


(Note 1) 


- 




Siava 


kCAD(8) 


TBD 




ns 


3 


Enatile Ije^ Time 
Master 


tLAG(M) 


(Note 1) 


- 




Slave 


'lM3(S) 


TBD 




ns 


4 


Clock (SCK) High Time 
Master 


'W(SCKH)M 


TBD 


- 


ns 


Slave 


tw(SCKH}S 


TBD 




ns 


5 


Clocic (SCK) Low Time 
Master 


tw(SCKL)M 


TBD 


- 


ns 


Slave 


'W(SCKL)S 


TBD 




ns 


6 


Data Setup Time (Inputs) 
Master 


^SU(M) 


TBD 




ns 


Slave 


'SU(S) 


TBD 




ns 


7 


Data Moid Time (Inputs) 
Master 


'h(M) 


TBD 




ns 


Slave 


tH(S) 


TBD 


- 


ns 


8 


Access Time (Time to Data Active from High Impedance State) 
Slave 


tA 





TBD 


ns 


9 


Disable Time (Hold Time to f«gh ImpedanGe Stale) 
Slave 


(dis 




TBD 


ns 


10 


Data Valid Time 
Master (Before Capture Edge) 


tv(M) 


TBD 




•CYCCM) 


Slave (After Enable Edge) (Note 2) 


'V(S) 




TBD 


ns 


11 


Data Hold Time (Outputs) 
Master (After Capture Edge) 


*HO(M) 


TBD 




•CYCCM) 


Slave (After Enable Edge) 


•ho(S) 







ns 


12 


Rise Time (Vqc = 20% to 70%, C^ = 200pF) 
SPI Outputs (SCK, MOSI, MiSO) 


tR(M) 




TBD 


ns 


SPI Inputs (SCK. MOSi, MISO, SS) 


«R(8) 




TBD 


]IS 


13 


Fall Time (Vqd = 20% to 70%, Cl = 200pF) 
SPI Outputs (SCK, MOSI, MISO) 


^M) 




TBD 


ns 


SPI mpuis (SCK, MOSI. t)mo. 


1f(S) 




TBB 


MS 



(0 
DC 
IIJ 



a EC 

o 
u 



NOTES; 

1 . Signal Production depends on soltwara. 

2. Assumes 200pF load on ail SPI pins. 

3. Note ttiat the units this specification uses is fop (Internal operating frequency), not MHzl In the master mode the SPi bus is capable of 
tunning at one-half of the davicasTs iiit«iml«BiHMftio fe^^ 



Serial Peripheral Interface (SPI) Timing (See Figure 3) Vdd = 3.3V ±10%, Vgs = ov, = (TC to +70°c 

Unless Ottierwisa Specified. 



NUMBER 


PARAMETER 


SWHOL 


MIN 


MAX 


UNITS 




Operating FrequerKy 
Master 


'0P(M) 


DC 


0.5 


fop (Note 3) 


Slave 


'0P(8) 


DC 


1.0 


MHz 


1 


Cycle Time 
Master 


'CYC(M) 


2.0 




tcYC 


Slave 


tcYC(S) 


1.0 


- 


US 


2 


Enat)le Lead Time 
Master 


kEAO(M) 


(Note 1) 






Slave 


tlEACKS) 


500 


- 


ns 


3 


Enable Lag Time 
Master 


Ilagcm) 


(Note 1) 






Slave 


tLAQ(S) 


500 


- 


ns 


4 


Clocl< (SCK) High Time 
Master 


'W(SCKH)M 


720 




ns 


Slave 


'W(SCKH)S 


400 




ns 


5 


Clock (SCK) Low Time 
Master 


'W(SCKL)M 


720 




ns 


Slave 


t|M(SCKL)S 


400 


- 


ns 


6 


Data S^up Tkne (Inputs) 
Master 


ISU(M) 


200 


- 


ns 


Slave 


«SU(S) 


200 




ns 


7 


Data Hold Time (Inputs) 
Master 


tH(M) 


200 


- 


ns 


Slave 


18(8) 


200 




ns 


8 


Access Time (Time to Data Active from High Impedance State) 
Slave 


tA 





250 


ns 


9 


Disable Time (Hold Time to High Impedance State) 
Slave 


'dis 


- 


500 


ns 


10 


Data Valid Time 
Master (Before Capture Edge) 


tv(M) 


0.25 




'CYC(M) 


Slave (After Enalile Edge) (Noto 2) ' 


tv(8) 




500 


ns 


11 


Data Hold Time (Outputs) 


'ho(M) 


25 




'CYC(M) 


Slave (After Enable Edge) 


•80(8) 







ns 


12 


Rise Time (Vpp = 20% to 70%, 0^ = 200pF) 
SPI Outputs (SCK, MOSI, MISO) 


tR(M) 




200 


ns 


SPI Inputs (SCK, MOSI, MISO, SS) 


^(8) 




2.0 


^s 


13 


Fall Time (Moo = 20% to 70%, Cl = 200pF) 
SPI Outputs (SCK, MOSI, MISO) 


V(M) 




200 


ns 


SPi Inputs (SCK, MOSI, MlSa,^) 






2.0 


MS 



NOTES: 

1. Signal Production depends on software. 

2. Assumes 200pF load on all SPI pins. 

3. Note that the units this specification uses is fop (internal operating frequency), not MHz! in the master nxide the SPI iHis is capalile of 
running at one-half of the devices's internal operating frequency, therefore SOOicHz maximum. 
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Control Timing Diagrams (Ail Types) 



OSC1 

(NOTEt) 

RESET 



(NOTE 2) 



IRQ 
(NOTES) 



INTERNAL 
CLOCK 



■««. 



-*IIJH - 



*lLeH 



.WMtcYC 



njVT-n-TLrLr 



INTERNAL .AAA A A A A a, A a A A .. 



ADDRESS A .-<• A A X A, A X A A, X X X X. X X X. X X. X X. X. •■. v X ;v X. - V X \ X 
BUS VV 1 " \ 1 " 1 " 1 1 I 1 1 11 V 1 I I " I I I I i I t V I Y V 



NOTES: 

1. Rep resents the internal gating of the OSC1 pin. 

2. Ira phi edge-sensitive mask option. 

3. IRQ phi level and edge-sensitive mask option. 



FIGURE 1. STOP RECOVERY TIMING DIAGRAM 
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Ser/a/ Peripheral Interface (SPI) Timing Diagrams (All Typw) 
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FIGURE 3A. SPI MASTER TIMING CPOL = 0, CPHA > 1 
FIGURE 3. TIMING DIAGRAMS 



Serial Peripheral Interface (SPI) Timing Diagrams (All Types) (continued) 
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NOTE: Measurement points are Vql, Vqhi V|l and V|h 



HGURE 3B. SPI MASTER TIMING CPOL > 1. CPHA m 1 
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NOTE: Measuremsnt points are Vq^, Vqh. Vh. and V|h 



nOURESD. SMMASTER TIMING CPOLsI.CPHAbO 
nOURE 3. TIMM6 OUORAMS (ConUniMd) 



2-22. 



CDP68HC05C4, C8, CDP68HCL05C4, C8, CDP68HSC05C4. C8 



Serial Peripheral Interfat^iSPJi TimipB Di^am^ (AU T}/pi^,e»mmm 
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HGURE 3E. SPI SLAVE TIMING CPOL - 0, CPHA > 1 
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FIGURE 3G. SPI SLAVE TIMING CPOL > 0, CPHA = 



CDP68HC(mC4, C8, CDP6MCL0SC4, 08, CDP68HSC0SC4, C8 



Serial Peripheral Interface (SPI) Timirtg Diagrams (All Types) (Continued) 




(7) NOTE: Measurement points ars Vol., VoHiV)!. and V|H 
FIGURE 3H. SPI SLAVE TIMING CPOL = 1, CPHA = 
FIGURE 3. TIMING DIAGRAMS (ConUnued) 



Functional Pin Description, Input/Output 
Programming, Memory, CPU Registers, 
and Self-Check 

This section provides a description of the functional pins, 
input/output programming, memory, CPU registers, and self- 
check. 

FUNCTIONAL PIN DESCRIPTION 

Power is supptted to ttie MCU using these two pins. Vqq Is 
power and Vgs is ground. 

IRQ (Maskable Interrupt Request) 

IRQ is a programmable option which provides two different 
choices of interrupt triggering sensitivity. These options are: 
1 .) Negative edge-sensitive triggering only, or 2.) Both nega- 
tive edge-sensitive and level-sensi tive t riggering. In the latter 
case, either type of input to the IRQ pin will produce the 
interrupt. The MCU completes the current inst ructio n before 
it responds to the interrupt request. When the IRQ pin goes 
low for at least one tn^in, a logic one is latched internally to 
signify an interrupt has been requested. When the MCU 
completes its current instruction, the interrupt latch is tested. 
If the Interrupt latch contains a logic one, and the Intemipt 
mask bit (I bit) in the condition code register is clear, the 
MCU then begins the interrupt sequence. 

If the opt ion i s selected to include level-sensitive triggering, 
then the IRQ input requires an ji^tgmal resistor to Vqq for 
"wire-OR" operation. See INTEFl^L^TSicMrmoiA detail con- 
cerning interrupts. 

RESET " 

The RESET input is not required for startup but can be used to 
reset tfie MCU internal state and provide an orderly software 
startup procedure. Refer to RESETS for a detailed description. 



TCAP 

The TCAP input controls the input capture feature for the on- 
chip programmable timer system. Refer to Input Capture 
Register for additional information. 

TCMP 

The TCMP pin (35) provides an output for the output com- 
pare feature of the on-chip timer system. Refer to Output 
Compare Register for additiorkat infomiatipa 

0SC1, 0SC2 

The CDP68HC05C4 family of MCUs can be configured to 
accept either a crystal input or an RC n^work to control the 
Internal oscillator. The intemal clocks are derived by a 
dlvide-by-two of the internal oeeWslqr .f«MiJ$i^ (fosd- 

Crystal 

The circuK sKowfl'VtTljgure 4B is recommended when using 
a crystal. The intemal oscillator is designed to interface with 
an AT-cut parallei resonant quartz-crystal resonator in the 
frequency range specified for fosc Control Timing. Use of 
an external CMOS oscillator is recommended when crystals 
outside the specified ranges are to be used. The crystal and 
components should be mounted as close as possiljle to the 
input pins to minimize output distortion and startup stabillza- 
tton time. Refer to DC Electrical Spedfteattons for Vqo 
specifications. 

Ceramic Resonator 

A ceramic resonator may be used in place of the crystal in cost- 
sensitive applk^ations. The circuit in Figure 4B is recommended 
wfien using a ceramk: resonator. Rgure 4A lists the recom- 
mended capacitance and feedback resistance values. The 
manufacturer of the particular ceramk: resonator being consM- 
ered should be consulted for specific Informaton. 
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RC 

If the RC oscillator option Is selected, then a resistor Is con- 
nected to the oscillator pins as shown bi ^^W? 

External Clock 

An external clock should be applied to the OSC1 input with 
the 0SC2 input not connected, as shown in Figure 4E. An 
external clock may be used with either the RC or crystal 
oscillator option. The toxov oi" 'ilch specifications do not 
apply when using an external clock input. The equivalent 
specification of the external clock source should be used in 
lieu of toxov or tiLCH- 
RA0-PA7 • 

These eight I/O lines comprise port A. The state of any pin is 
software programmable and all port A lines are configured 
as input during power-on or reset. Refer to input/Output 
Programming paragraph for a detailed descriptbn of I/O 
programming. 



CRYSTAL 





2MHz 


4MHz 


UNrrs 


RSHAX 


400 


75 


a 


Co 


5 


■"■ 7 


PF 


Cl 


0.008 


0.012 


PF 


Cosci 


15-40 


15-30 


pF 


CosC2 


15-30 


15-25 


pF 


Rp 


10 


10 


MQ 


Q 


30, 


40 ' 


K 



PBO - PB7 

These eight lines comprise port B. The state of any pin is 
software programmable and all port B lines are configured 
as input during power-on or reset. Refer to Input/Output 
Programming parBsrBphrlaii«!««MtiM)i(lesoriptk>n of I/O 
programming. 

PC0-PC7 

These eight lines comprise port C. The state of any pin is 
software programmable and all port C lines are configured 
as input during power-on reset. Refer to Input/Output 
Programming paragraph for a detailed description of I/O 

programming. 

PD0-PD5, PD7 

These seven lines comprise port O, a fixed input port that is 
enabled during power-on. All enabled special functk)ns (SPI 
and SCI) affect the pins on this pott. Four_of these lines, 
PCXZ/MISOiiPDaMO^, PQ4/8CK. and PDS/SS, are used in 
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FIGURE 4A. CRYSTAUCERAIMCRI^NATOR PARAMETERS 
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FIGURE 4B. CRYSTAL OSCILLATOR CONNECTIONS 




FIGURE 4C. jsa^iyAWir^lf^eiPcun- 



MCU 

OSC1 0SC2 



MCU 

0SC1 OSC2 



UNCONNECTED 

< EXTERNAL CLOCK 



FIGURE4D. RCOSOLLATOReONNECTIONS FIGURE4E. BCTERNAL CLOCK SOURCE CONNECTIONS 



tions interface (SCI). Refer to INPUT/OUTPUT PROGRAM- 
MING for a detailed description of I/O programming. 

INPUT/OUTPUT PROGRAMMING 

ParalM Ports 



Ports A, B. and C may be programmed as an Input or an out- 
put under software control. Ttie direction of the pins is deter- 
mined by tlie state of the corresponding bit in the port data 
direction register (DDR). Each 8-bit port has an associated 
8-bit data direction register. Any port A, port B, or port C pin 
is configured as an output if its corresponding DDR bit is set 
to a logic one. A pin is configured as an input if its corre- 
sponding DDR bit is cleared to a logic zero. At power-on or 
reset, all DDRs are cleared, which configure all port A, B, 
and C pins as inputs. The data direction registers are capa- 
ble of being written to or read by the processor. Refer to Fig- 
ure 5 and Table 1 . During the programmed output state, a 
read of the data register actually reads the value of the out 
put data latch and not the I/O pin. 

TABLE 1. I/O PIN FUNCTIONS 



(NOTE) 
R/W 


DOR 


I/O PIN FUNCTION 








The I/O pin is in input mode. Data is 
written Into the output data latch. 





1 


Data Is written into the output data latch 
and output to the I/O pin. 


1 





Tt)e state of the I/O pin is read. 


1 


1 


The I/O pin is in an output mode. The 
output data latsh Is reaik- - 



NOTE: R^tsanimntnrstpwi. 
Fixed Port 

Port D is a 7-iiH fixed input port (PDO - PD5, PD7) that con- 
tinually monitors the exterrtal pins whenever the SPI or SCI 
systems are disabled. During power-on reset or external 
reset all seven bits become valid input ports because all 
special function output drivais are disabled. For example, 
with the serial peripheral interface (SPI) system disabled 
(SPE = 0) PD2 through PDS will read the state of the pin at 
the time of the read operation. No data register Is associated 
with the port when it is used as an input. 

NOTE: It is recommended that all unused inputs, except 0SC2, and 
I/O ports (configured as Inputs) lie tied to an appropriate logic Isral 
(e.g. either Vqo or Vss). 

Serial Port (SCI and SPI) 

The serial communications interface (SCI) and serial periph- 
eral interface (SPI) use the port D pins for their functions. 
The SCI function requires two of the pins (PDO - PD1 ) for its 
receive data input (RDI) and transmit data output (TDO) 
respectively, whereas the SPI function requires four of the 
pins (PD2 - PDS) for its serial data input/output (MISO), 



tiohs Intisrface and Serial Peripheral Interface for a more 
detailed discussion. 



DATA 
DIR REG 
BIT 



l>TCHED 
OUTPUT 
DATA BIT 



INPUT REG BIT 



OUTPUT 



4 



INPUT I/O 



I/O 
PIN 



FIGURE 5A. 
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FIGURE SB. 



PORT DATA 



Vdd 

] — ||>_(NOTE 1) 



(NOTE 1) 



INTERNAL LOGIC 



NOTES: 

1. DenotesdeviceBhavesainephysicalslza,andaraenhancement 
type. 

2. IP = Input Protection 

3. Latch-up protei^n not shown. 

FIGURE SC. 

FKHIRE 5. mieAL PARALLEL PORT I/O CIRCIiiTRY 
MEMORY 

As shown in Figure 6, the CDP68HC05C4, CDP68HCL05C4 
and CDP68HSC05C4 MCUs are capable of addressing 
8192 bytes of memory and I/O registers with its program 
counter. The MCUs have implemented 4601 bytes of these 
locations. Ttie first 256 bytes of memory (page zero) 
include 25 bytes of I/O features such as data ports, the port 
DDRs, timer, serial peripheral interface (SPI), and serial 
communication interface (SCI); 48 bytes of user ROM, and 
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tOOIF 
$01)20 



$004F 
$0050 



$00BF 
SOOCO 



tOOFF 
$0100 



$10FF 
$1100 



$1EFF 
$1F00 



S1FDF 
$1FE0 



$1FEF 
$1FF0 



$1FFF 





I/O 


32 BYTES 




USER 




ROM 




MBYTES 




RAM 


176 BYTES 




STACK 




64 BYTES 




USER 




ROM 


4) 


MBYTES 




UNUSED 


3SS4 BYTES 


SELF CHECK 


SELF CHECK 


VECTORS 




USER 


VECTORS 


16 BYTES 



ooso 



0031 
0032 



01 SI 
0192 



0255 
0256 



4351 
4352 



7935 
7936 



PORTS 

7 BYTES 



UNUSED 
3 BYTES 



SERIAL 
PERIPHERAL 
INTERFACE 
3 BYTES 



SERIAL 
COMMUNICATIONS 
INTERFACE 
5 BYTES 



TIMER 
10 BYTES 



UNUSED 
4 BYTES 



> 256 BYTES 



B175 
B176 



8191 



0000 


PORT A DATA RECaSTER 


$00 




PORT B DATA REGISTER 


$01 




PORT C DATA REGISTER 


$02 




PORT D FIXED INPUT REGISTER 


$03 




PORT A DATA DIRECTION REGISTER 


$04 




PORT B DATA DIRECTION REGISTER 


$05 




PORTC DATA DIRECTION REGISTER 


$06 




UNUSED 


$07 




UNUSED 


$08 




UNUSED 


$09 




SERIAL PERIPHERAL CONTROL REGISTER 


$0A 




SERIAL PERIPHERAL STATUS REGISTER 


$0B 




SERIAL PERIPHERAL DATA I/O REGISTER 


$0C 




SERIAL COMMUNICATIONS BAUD RATE REGISTER 


$0D 




SERIAL COMMUNICATIONS CONTROL REGISTER 1 


$0E 




SERIAL COMMUNICATIONS CONTROL REGISTER 2 


$0F 




SERIAL COMMUMCXnONS STATUS REQIStER 


$10 




SERIAL COMMUNICATIONS DATA REGISTER 


$11 




TIMER CONTROL REGISTER 


$12 


0031 


TIMER STATUS REGISTER 


$13 


. 

\ 


INPUT CAPTURE HIGH REGISTER 


$14 




INPUT CAPTURE LOW REGISTER 


$15 


. 


OUTPUT COMPARE HIGH REGISTER 


$16 




OUTPUT COMPARE LOW REGISTER 


$17 


. 


COUNTER HIGH REGISTER 


$18 


\ 


COUNTER LOW REGISTER 


$19 




ALTERNATE COUNTER HIGH REGISTER 


$1A 




ALTERNATE COUNTER LOW REGISTER 


$1B 




UNUSED 


$1C 




UNUSED 


$1D 




UNUSED 


$1E 




UNUSED 


$1F 



FIGURE 6. ADDRESS MAP FOR CDP68HC05C4, CDP68HCL0SC4 AND COP68HSC05C4 



176 bytes of RAM. The next 4096 bytes complete the user 
ROM. TTie self-check ROM (224 bytes) and self-check vec- 
tors (16 bytes) are contained In memory locations $1F00 
through $1FEF. The 16 highest address bytes contain the 
user defined reset and the Interrupt vectors. Seven bytes of 
the towest 32 memoiy tee^iens am unused and the 176 
bytes of user fWM includB up to 64 bytes for the stack. 
Since most programs use only a small part of the allocated 
stack locations for Interrupts and/or subroutine stacking pui- 
poses, the un^^ .tVMw.4U« u?8t^^ data stor- 



age. Figure 7 illustrates the memory map for 
CDP68HC05C8, CDP68HCL05C8 and CDP68HSC05C8 
MCUs. It Is similar to the memory map in Figure 6, except for 
3584 bytes of additional user ROM at memory locations 
$1100 through $1EFF. 

CPU REGISTER 

The CPU contains five registers, as shown in the program- 
ming mode) of Figure 8. The interrupt stacking order is 
shown in Rgure 9. 
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SERIAL 
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10 BYTES 
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> 256 BYTES 



8175 
8176 



PORT A DATA REGISTER 


$00 


PORT B DATA REGISTER 


$01 


PORT C DATA REGISTER 


$02 


PORT D FIXED INPUT REGISTER 


$03 


PORT A DATA DIRECTION REGISTER 


$04 


PORT B DATA DIRECTION REGISTER 


$05 


PORT C DATA DIRECTION REGISTER 


$06 


UNUSED 


$07 


UNUSED 


$08 


UNUSED 


$09 


SERIAL PERIPHERAL CONTROL REGISTER 


$0A 


SERIAL PERIPHERAL STATUS REGISTER 


$0B 


SERIAL PERIPHERAL DATA I/O REGISTER 


$0C 


SERIAL COMMUNICATIONS BAUD RATE REGISTER 


$0D 


SERIAL COMMUNICATIONS CONTROL REGISTER 1 


$0E 


SERIAL COMMUNICATIONS CONTROL REGISTER 2 


$0F 


SERIAL COMMUNICATIONS STATUS REGISTER 


$10 


SERIAL COMMUNICATIONS DATA REGISTER 


$11 


TIMER CONTROL REGISTER 


$12 


TIMER STATUS REGISTER 


$13 


INPUT CAPTURE HIGH REGISTER 


$14 


INPUT CAPTURE LOW REGISTER 


$15 


OUTPUT COMPARE HIGH FtECMSTER 


$16 


OUTPUT COMPARE LOW REGISTER 


$17 


COUNTER HIGH REGISTER 


$18 


COUNTER LOW REGISTER 


$19 


ALTERNATE COUNTER HIGH REGISTER 


$1A 


ALTERNATE COUNTER LOW flEGISTER 


$1B 


UNUSED 


$1C 


UNUSED 


$1D 


UNUSED 


$1E 


UNUSED 


$1F 



RGUIS 7. ADDRESS MAP FOR CDP68HC05C8, COP68HCL1BC8 AND CDP68HSC05C8 
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FIGURE B. PROGRAMMING MODEL 
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NOTE: Since the Stack Pointer decrements during pushes, the PCL 
Is stacked fiist, teHowed by PCM, etc PuRirig from the stack is In the 
reverse ORler. 

FIGURE 9. STACKING ORDER 
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Accumulator (A) 

The accumulator is an 8-bit general purpose register used to 
hold operands, results of the arithmette caloulatiens, and 
data manipulations. 

Index Register (X) 

The X register is an 8-bit register which is used during the 
indexed modes of addressing. It provides an 8-bit value 
which is used to create an effective address. The index reg- 
ister Is also used for data manipulations with the read-mod- 
ify-write type of instructions and as a temporary storage 
register when not performing addressing operations. 

Program Counter (PC) 

The program counter is a 13-blt register that contains the 
address of the next instruction to be executed by the processor. 

Stack Pointer (SP) 

The stack pointer is a 13-bit register containing the address of 
the next free locations on the push-down/pop-up stack. When 
accessing memory, the most significant bits are permanently 
configured to 0000011. These bits are appended to the six 
least significant register bits to produce an address within the 
range of $OOFF to $0000. The stack area of RAM is used to 
store the return address on subroutine calls and the machine 
state during interrupts. During external or power-on reset, and 
during a reset stack pointer (RSP) Instnjction, the stack 
pointer is set to its upper limit ($OOFF). Nested interrupt and/or 
subroutines may use up to 64 (decimal) kxsattons. When the 
64 locattons are exceeded, the stack pointer wraps around 
and points to its upper limit ($0OFF), thus, losing the previ- 
ously stored information. A subroutine call occupies two RAM 
bytes on the stack, while an interruj^ use^,^V9 fl^^yi^^^gs, 

Condition Code Register (CC) 

The condition code register is a 5-bit register which indicates 
the results of the instruction just executed as well as the 
state of the processor. These bits can be irtdivkjually tested 
by a program and specified action taken as a result of their 
state. Each bit is explained In the following paragraphs. 

Half Carry Bit (H) 

The H bit is set to a one when a carry occurs between bits 3 
and 4 of the ALU during an ADD or ADC instruction. The H 
bit is useful in binary coded decimal subroutines. 

Interrupt Mask Bit (I) 

When the I bit is set, all interrupts are disabled. Clearing this 
bit enables the interrupts. If an external interrupt occurs 
while the I bit is set, the interrupt is latched and processed 
after the I bit is next cleared; therefore, no interrupts are lost 
because of the I bit being set. An internal interrupt can be 
lost if it is cleared whiie the I bit is set (refer to Programmable 
Timer, Serial Communications Interface, and $^M(iPei|9t)' 
eral Interface Sections for more information). 

Negative (N) 

When set, this bit indicates that the result of the last arith- 
metic, logical, or data manipulation is negative (bit 7 in the 
result is a logic one). 



Zero (Z) 

When set, this bit indicates that the result of the last arith- 
metic, logical, or data manipulatton is zero. 

Carry/Borrow (C) 

Indicates that a carry or t)orrow out of the arithmetic logic 
unit (ALU) occurred during the last arithmetic operation. This 
bit is also affected during bit test and branch Instructions, 
shifts, and rotates. 

SELF-CHECK 

The self-check capability of the GDP68HC05C4 MGU pro- 
vkles an internal check to determine if the device is functional. 
Self-check is performed using the circuit shown in the sche- 
matic diagram of Figure 10. As shown in the diagram, port C 
pins POO - P03 are monitored (light emitting dkxles are 
shown but other devk»s ooukJ be used) for the self-check 
results. The self-check mode is entered by applying a 9V 
input (through a 4.7kO resistor) to the IRQ pin (2) and 5V 
input (throu^ a 4.7kn resistor) to the TCAP pin (37) and then 
depressing the reset switch to execute a reset After reset, the 
fdtowing seven tests are performed automatteally: 

I/O - Functionally exercises ports A, B and C 
RAM • Counter test for each RAM byte 
Timer • Tracks counter register and checks OOF flags 

SCI - Transm ission Test; checks for RDRF, TORE, 
TO, and FE flags 
ROM - Exclusive OR with odd ones parity result 
SPI - Transmission test with check for SPIF, 
WCOL, and MODE flags 
INTERRUPTS - Tests external, timer, SCI, and SPI interrupts 

Self-check results (using the LEDs as monitors) are shown 
in Table 2. The following subroutines are available to user 
programs and do not require any external hardware. 



TABLE 2. SELF-CHECK RESULTS 



PC3 


PC2 


PCI 


PCO 


REMARKS 










1 


Bad I/O 







1 





Bad RAM 







1 


1 


Bad Timer 




1 








Bad SCI 




1 





1 


Bad ROM 




1 


1 





Bad SPI 




1 


1 


1 


Bad Interrupts or IRQ Request 


Flashing 


Good Device 


All Others 


Bad Devk», Bad Port C, etc. 



NOTB: lndk»tes LED on; 1 lndk»tas LED Is off. 



TIMER TEST SUBROUTINE 

This subroutine returns with the Z bit cleared if any error is 
detected; othenwise, the Z bit is set. 

This subroutine is called at location $1 FOE. The output com- 
pare register is first set to the current timer state. Because 
the timer Is free mnnlng and has only a divide-by-four pres- 




rmim. 10. sbj^-check circuit scHiMAnc diagrani 



caler, each timer count cannot be tested. The test tracks the 
counter until the timer wraps around, triggering the output 
compare flag in the timer status register. RAM locations 
$0050 and $0051 are overwritten. Upon return to the user's 
program, X = 40. If the test passed, A = 0. 

ROM CHECKSUM SUBROUTINE 

This subroutine returns with the Z bit cleared if any error is 
detected; otherwise, the Z bit is set. This subroutine is called 
at location $1F93 with RAM location $0053 equal to $01 and 
A = 0. A short routine is set up and executed In RAM to com- 
pute a checksum of the entire ROM pattern. Upon return to 
the user's program, X = 0. If the test passed, A = 0. RAM 
locations $0050 through $0053 are ovenwrKten. 

Resets, Interrupts, and Low Power Modes 

RESETS 

The MCU h as two reset modes: an active low external reset 
pin (RESET) and a power-on reset function; refer to Figure 1 1 . 



RESET Pin 

The RESET Input pin Is used to reset the MCU to provide an 
orderly software startup procedure. When using the external 
reset mode, the RESET pin must st ay low for a minimum of 
one and one half tcvc- f^e RESET pin contains an internal 
Schmitt Trigger as part of its input to improve noise immunity 

Power-On Reset 

The power-on reset occurs wtien a positive transition is 
detected on Vpp. The power-on reset Is used strictly for 
power turn-on conditions and should not be used to detect 
any drops in the power supply voltage. There is no provision 
for a power-down reset. The power-on circuitry provides for 
a 4064 tcYc delay fro m the tim e that the oscillator becomes 
active. If the external RESET pin is low at the end of the 
4064 tcY c time o ut, the processor remains in the reset condi- 
tiort Bntfl-RESET goes high. 

Table 3 shows the actions of the two resets on internal cir- 
cuits, but not necessarily in order of occurrence (X indicates 
that the condition occurs for the particular reset). 
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OSC1 
(NOTE 2) 
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PROCESSOR 
CLOCK (NOTE 1) 
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NOTES: 

1. Internal signal and bus information is not avaUabIa e)demally. 

2. OSC1 is not meant to represantfraquency. It is only itwwit to represent time. 

3. Thenext lising^os of ttw iniamal |)rocaaai».cloclLfdlk»iiiing,lhaiisina ed^ of RESET inlliatesLthe.resel sequence. 

(WniREIIi POWBI-ONIttSErMIB RESET 



TABL£ 3. RESET ACTION ON INTERNAL CIRCUIT 



CONDITION 


RESET 
PIN 


POWER- 
ON 
RESET 


Timer Prescaler reset to zero state 


X 


X 


Timer counter configured to $FFFC 


X 


X 


Timer output compare (TCMP) bit reset to zero 


X 


X 


All timer interrupt enable bits cleared (ICIE, 
OCIE, and TOIE) to disable timer interrupts. 
The OLVL timer bit is also cleared by reset. 


X 


X 


All data direction registers cleared to zero 

(input) 


X 


X 


Cof'ifigure stack pointer to SOOFF 


X 


X 


Force internal address bus to restart vector 
(See Table 4) 


X 


X 


Set 1 bit in condition code register to a logic one 


X 


X 


Clear STOP latch 


X (Note) 


X 


Clear external interrupt latch 


X 


X 


Clear WAIT latch 


X 


X 


Disable SCI (serial control bits TE = and 
RE = 0). Ottier SGI bits cleared by reset 
include: TIE, TCIE, RIE, ILIE, RWU, SBK, 
RDRF, IDLE, OR, NF, and FE. 


X 


X 


Disable SPI (serial output enable control bit 
SPE = 0). oarar SPI bits deared by reset 
include: SPIE, MSTR, SPIF WOOL, and 

MOOR 


X 


X 


Set serial status bits TORE and TO 


X 


X 


Clear all serial Int^rMpt WSSH US (SPIE, 

TIE and TCIE) 


X 


X 


Place SPI system in slave mode (MSTR = 0) 


X 


X 


Clear SCI prescaler rate control bits 
SCP0-SCP1 


X 


X 



II^ERRUPTS 

Systems often require that normal processing be interrupted 
SO that some external event may be serviced. The 
CDP68I-IC05C4 may be Interrupted by one of five different 

meth ods: either one of four maskable hardware interrupts 
(IRQ, SPI, SCI, or Timer) and one non-masl<able software 
Interrupt (SWI). Interrupts such as Timer, SPI, and SCI have 
several flags which will cause the interrupt. Generally, inter- 
rupt flags are located in read-only status registers, whereas 
their equivalent enable bits are located in associated control 
registers. The interrupt flags and enable bits are never con- 
tained in the same register. If the enable bit is a logic zero it 
blocks the Interrupt from occurring but does not inhibit the 
flag from being set. Reset clears all enable bits to preclude 
Interrupts during the reset procedure. 

The general sequence for clearing an Interrupt is a software 
sequence of first accessing the status register while the 
Interrupt flag is set, followed by a read or write of an associ- 
ated register. When any of these Interrupts occur, and if the 
enable bit Is a logic one, normal processing is suspended at 
the end of the current instruction execution. Interrupts cause 
the processor registers to be saved on the stack (see 
Figure 9) and the interrupt mask (I bit) set to prevent addi- 
tional interrupts. The appropriate Interrupt vector then points 
to the Starting address of the Intemipt service routine (refer 
to Figure 6 for vector location). Upon completkin bf the inter- 
rupt service routine, the RTI instructkm (whk:h is nonrtally a 
part of the servk» routine) causes the register contents to be 
recovered from the stack followed l>y a return to normal pro- 
cessing. The stack order Is shown In Figure 9. 

NOTE: The interrupt mask bit (i bit) will be cleared If and only if the 
corresponding bit stored in the stack is zero. 

A discussion of Interrupts, plus a ta^e listing vector 
addresses for all interrupts including reset, in the MCU is 
provktod in Table 4. 



NOTE: Timeout still occurs. 



TABLE 4. VECTOR ADDRESS FOR INTERRUPTS AND RESET 



REGISTER 


FLAG NAME 


INTERRUPTS 


CPU INTERRUPT 


VECTOR ADDRESS 


N/A 


N/A 


Reset 


RESET 


$1FFE-$1FFF 


N/A 


N/A 


Software 


SWI 


$1FFC-$1FFD 


N/A 


N/A 


External Interrupt 


IRQ 


$1FFA-$1FFB 


Timer Status 


ICF 
OCF 
TOF 


Input Capture 
Output Compare 
Timor Overflow 


Timer 


$1FF8-$1FF9 


ov^l ololUa 


TDRE 

TC 
RDRF 
IDLE 

OR 


1 FdiioiTiii Duiim cmpiy 
Transmit Complete 
Receiver Buffer Ful 
Idle Una Detect 
Overrun 


OvI 


9 1 rrO '9* » * ' 


SPI Status 


SPIF 
MODF 


Mode Fault 


1 ,?PI 


$1FF4-$1FF5 



Hardware Controlled Interrupt Sequence 

Tfie following \hree functions (RESET, STOP, and WAIT) are 
not in the strictest sense an interrupt; however, they are 
acted upon in a similar manner. Flowcharts for hardware 
interrupts are shown in Figure 12, and for STOP and WAIT 
are provided in Figure 13. A discussion is provided below. 

(a) A low input on the RESET input pin causes the program 
to vector to Its starting address which is specified by the 
contents of memory locations $1FFE and $1FFF. The 
I bit in the condition code register is also set. Much of the 
MCU is configured to a known state during this type of 
reset as previously described in RESETS paragraph. 

(b) STOP - The STOP instruetion causes the oscillator to be 
turned off and the processor to 'sleep" utitil «n iextemal 
Interrupt (IRQ) or reset occurs. 

(c) WAIT - The WAIT instruction causes all processor clocks 
to stop, but leaves the Timer, SCI, and SPI clocks run- 
ning. This "rest" state of the processor can be cleared by 
reset, an external interrupt (IRQ), Timer interrupt, SPI 
interrupt, or SCI interrupt. 

Software Interrupt (SWI) 

The software interrupt is an executable instruction. The 
action of the SWI instruction is similar to the hardware inter- 
rupts. The SWI is executed regardless of the state of the 
interrupt mask (I bit) in the condition code register. The inter- 
rupt service routine address is specified by the contents of 
memory location $1 FFC and $1 FFD. 



External Interrupt 

If the interrupt mask (I bit) of the condition code register has 
been cleared and the external interrupt pin (IRQ) has gone 
low, then the external interrupt is recognized. When the 
interrupt is recognized, the current state of the CPU is 
pushed onto the stack and I bit is set. This masks further 
interrupts until the present one is serviced. The interrupt ser- 
vice routine address is specified by the contents of memory 
location $1FFA and $1FFB. Either a level-sensitive and neg- 
ative edge-sensitive trigger, or a negative edge-sensitive 
only trigger are available as a mask option. Figure 14 shows 
both a functional and mode timing diagram for the interrupt 
line. The timing di agra m shows two different treatments of 
the interrupt line (IRQ) to the processor. The first method 
shows single pulses on the interrupt line spaced far enough 
apart to be serviced. The minimum time between pulses is a 
function of the number of cycles required to execute the 
intemjpt service routine plus 21 cycles. Once a pulse 
occurs, the next pulse should rwt oc@ur until the MCU soft- 
ware has exited the routine (an RTI occurs). The second 
configuration shows several interrupt lines *wire-ORed" to 
torn the interrupts at the processor. Thus, if after servicing 
one interrupt the Interrupt line ismsins low; then fhe next 
interrupt is recognized. 

NOTE: The internal Interrupt latch Is cleared In the first part of the 
sen/Ice routine; therefore, one (and only one) extemal Interrupt pulse 
could be latched during ^ul 9$' W soon as the I bit is 

cleared. 
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FIGURE 12. HARDWARE INTERRUPT FLOW DIAGRAM 
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FIGURE t3. STOIVWAITFLOW DIAaRAM 
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NOTE: 

Edge-Sensitive Trigger Condition - The minimum pulse width (tiLm) 
is either 125ns (Vqq = 5V) or 250ns (Vdq = 3V), The period t|uL 
should be less than the number of tcvc cycles it takes to execute 
the interrupt service routine plus 21 tcvc cycles. 
Leve l-Sensitive Trigger Condition - If after servicing an interrupt the 
IRQ remains low, ttien the next lntemi|aUa>recognized. 

FIGURE 14B. EXTERNAL INTERROPT MODE DIAGRAM 
FIGURE 14. 

Timer Interrupt 

There are thr«e (tifiefent-limer interrupt flags that will cause 
a timer interrupt whenever they are set and enabled. These 
three interrupt flags are found in4ie thrfe most sijjnifjcant 
bits of the timer status register (TSR, location <$1 3) and all 
three will vector to the same Interrupt service routine 
($1FF8-$1FF9). 

All interrupt flags have corresponding enable bits (ICIE, 
OCIE, and TOIE) in the timer control register (TCR, location 
$12). Reset clears all enable bits, thus preventing an inter- 
rupt from occurring during tfie reset time period. The actual 
processor interrupt is generated only if tfie I bit in the condi- 
tion code register is also cleared. When the Interrupt is rec- 
ognized, the current machine state is pushed onto the stack 
and I bit is set. This masks further interrupts until the present 
one is serviced. The interrupt service routine address is 
specified by the contents of memory location $1FF8 and 
$1F79. The general sequence for clearing an interrupt is a 
software sequence of accessing the status register while the 
flag Is set, followed by a read or write of an associated regis- 
ter. Refer to Programmable Timer for additional infomnation 
about tfie timer circuitry. 



Serial Communications interface (SCI) Interrupts 

An Interrupt in the serial communications interface (SCI) 
occurs when one of the interrupt flag bits in the serial 
communications status register is set, provided the I bit in 
the condition code register is clear and the enable bit in the 
serial communications control register 2 (locations $0F) is 
enabled. When the interrupt is recognized, the current state 
of the machine is pushed onto the stack and the I bit in the 
condition code register is set. This masks further interrupts 
until the present one is serviced. The SCI interrupt causes 
the program counter to vector to memory location $1FF6 
and $1FF7 which contains the starting address of the 
interrupt service routine. Software in the serial interrupt 
service routine must determine the priority and cause of the 
SGI interrupt by examining the interrupt flags and the status 
bits located in the serial communications status register 
(location $10). The general sequence for clearing an 
jQtSOMPt is a software sequence of accessing the serial 
communications status register while the flag is set followed 
by a read or write of an associated register. Refer to Serial 
Communications interface for a description of the SCI 
system and its interrupts. 

Serial Periptierai Interface (SPi) Interrupts 

An interrupt in the serial peripheral interface (SPI) occurs 
when one of the interrupt flag bits in the serial peripheral sta- 
tus register (location SOB) is set, provided the I bit in the con- 
dition code register is clear and the enat>le bit in the serial 
peripheral control register (location $0A) is enabled. When 
the interrupt is recognized, the current state of the machine 
is pushed onto the stack and the I bit in the condition code 
register is set. This masks further interrupts until the present 
one is serviced. The SPI interrupt causes the program 
counter to vector to memory location $1FF4 and $1FF5 
which contain the starting address of the interrupt service 
routine. Software in the serial peripheral interrupt service 
routine must determine the priority and cause of the SPI 
interrupt by examining the interrupt flag bits located in tfie 
SPI status register. The general sequence for clearing an 
interrupt is a software sequence of accessing the status reg- 
ister while the flag is set, followed by a read or write of an 
associated register. Refer to Serial Peripheral Interface for 
a descriptkHi of tM SPI s^tem and its interrupts. 

LOW POWER MODES 

STOP Instruction 

The STOP instruction places the N^CU in its lowest power 
consumption mode. In the STOP mode the internal oscillator 
is turned off, causing all internal processing to be halted; 
refer to Figure 13. During the STOP mode, the I bit in the 
condition code register is cleared to enable external inter- 
rupts. All other registers and memory remain unaltered and 
all Input/output lines remain unchanged. This continues until 
an external interrupt (IRQ) or reset is sensed at which time 
the internal oscillator is turned on. The external interrupt or 
reset causes the program counter to vector to memory loca- 
tion $1FFA and $IFFB or $1FFE and $1FFF which contains 
the starting addrns of 'iMf '^imf^ or reset 8ervk» routine 
respectively. * 



WAIT Instruction 

The WAIT instruction places the MCU in a low power con- 
sumption mode, but the WAIT mode consumes somewhat 
more power than the STOP mode. In the WAIT mode, the 
internal clock remains active, and all CPU processing is 
stopped; however, the programmable timer, serial peripheral 
interlace, and serial communications interface systems 
remain active. Refer to Figure 13. During the WAIT mode, 
the I bit in the condition code register is cleared to enable all 
interrupts. All other registers and memory remain unaltered 
and all parallel input/output lines remain unchanged. This 
continues until any interrupt or reset is sensed. At this time 
the program counter vectors to the memory location ($1 FF4 
through $1FFF) which contains the starting address of the 
interrupt or reset service routine. 

DATA RemrnoN mode 

The coments'of RAM. and CRU legistecs are rMabied al sui> 
ply voltages aatew-M ^-^Ms 48 refemd toas-Hw-QATA - 
RETENTION mode, where data Is held, but the device Is 

not guaranteed to operate. 

Programmable Hitter 

INTRODUCTION . . 

The programmable timer, which is preceded t>y a fixed 
divide-by-four prescaler, can be used for many purposes, 
including input waveform measurements while simulta- 
neously generating an output wavefomn. Pulse widths can 



vary from several microseconds to many seconds. A block 
diagram of the tbner is shown in Rgura IS and timing dia- 
grams are shown in Figure 16 through Figure 19. 

Because the timer has a 16-bit architecture, each specific 
functional segment (capability) is represented by two regis- 
ters. These registers contain the high and low byte of that 
functional segment. Generally, accessing the low byte of a 
specific timer function allows full control of that function; 
however, an access of the high byte inhibits that specific 
timer function until the low byte is also accessed. 

NOTE: The I t>it in the condition code register should be set while ma- 
nipulating tx)th the high and low byte register of a specific timer function 
to ensure that an interrupt does not occur. This prevents interrupts from 
occuning tietween the time that the high and low bytes are accessed. 

The programmable timer capabilities are provided by using 
the following ten addressable 8-bit registers (note the high 
and low represent the significance of the byte). A description 
jc^J^^'register is provided behMK 

Timer Control Register (TCR) locations $12,: ^ 
Timer Status Register (TSR) location $13, 
input Capture High Register location $14, 
input Capture Low Register location $15, 
Output Compare High Register location $16, 
Output Compare Low Register location $17, 
Counter High Register location $18, 
Counter Low Register location $19, 
Alternate Counter High Register location $1A, and 
Aitam^f (hunter 1^ Register location $1 B. 
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FIGURE 15. PROGRAMMABLE TIMER BLOCK DWGRAM 
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FIGURE 16. TIMER STATE DIAG»tAM FOR RESET 
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NOTE: 

1 . If the Input edge occurs in the shaded area from one nmer stale T1 to the next, the input capture flag is set during the next T1 1 . 

FIGURE 17. TIMBI STATE DIAGRAM FOR JNPUV^I^AimiRE . ^ 
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NOTES: 

1 . The CPU write to Vne Compare Register may take place at any time, but a compare only occurs at timer state T01 . Thus a 4 cycle differ- 
ence may exist t>etween the write to the Compare Register and the actual compare. 

2. Internal compare tai<es place during timer state T01 . 

3. OCFtesaaUhe U llii a JUata T1 1 which follows the comparison match ($FFED In this example). 

FIGURE 18. TIMER STATE DIAGRAM FOR OUTPUT COMPARE 
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NOTE: 

1 . The TOF bit is set at timer state T1 1 (transition of the counter from $FFFF to $0000). It is cleared by a read of the Timer Status Register 
during the internal processor cloci( high time followed by a read of the Counter Low Register. 

FKHJRE 19. TIMER STATE DIAQi^ iNSH ffMBi OVERFLOW 



The key element in the programmable timer is a 16-bit free 
running counter, or counter register, preceded by a prescaler 
which divides the internal processor clocl< by four. The pres- 
caler gives the timer a resolution of 2.0ns if the internal pro- 
cessor clock is 2.0MHz. The counter is clocked to increasing 
values during the low portion of the internal processor clock. 
Software can read the counter at anytime wittiout affecting 
Its value. 

The double byte free running counter can tie read from 
either of two locations $18 - $19 (called counter register at 
this location), or $1A - $1B (counter alternate register at this 
location). If a read sequence containing only a read of the 
least significant byte of the free running counter or counter 
alternate register first addresses the most significant byte 
($18, $1A) it causes the least slgnHteatit byte ($19, $1B) to 
be transferred to a buffer. This buffer value nawalns fixed 
after the fir^ 'iiiost signffl«iht byie *reacf"e^n ff"fR6 uiiF 
reads the most signlfk^nt ^e several times. This buffer is 
accessed when reading the free running counter or counter 
alternate register, if the most significant byte is read, the 
least significant byte must also be read in order to complete 
the sequence. 

The free running counter is configured to SFFFC during 
reset and is always a read-only register. During a power-on- 
reset (FOR), the counter is also configured to SFFFC and 
begins running after the oscillator startup delay. Because the 
free running counter is 16 bits preceded by a fixed divide-by- 
four prescaler, the value in the free running counter repeats 
every 262,144 MRU internal processor clock cycles. When 
the counter rolls over from $FFFF to $0000, the timer over- 
flow flag (TOF) bit is set. An interrupt can also be enabled 
when counter rollover occurs by setting its intentipt enable 
bit (TOIE). 

OUTPUT COMPARE REGISTER 

The output compare register is a 16-bit register, which is 
made up of two 8-bit registers at locations $16 (most signifi- 
cant byte) and $17 (least significant byte). The output com- 
pare register can be used for several purposes such as, 
controlling an output waveform or indicating when a period 
of time has elapsed. The output compare register Is unique 
In that all bits are readable and writable and are not altered 
by the timer hardware. Reset does not affect the contents of 
this register and if the compare function is not utilized, the 
two bytes of the output compare register can be used as 
storage locations. The contents of the output compare regis- 
ter are compared with the contents of the free running 
counter once during every four internal processor clocks. If a 
match Is found, the coaespondlng output compare flag 
(OCF) bit is set and the corresponding output level (OLVL) 
bit is clocked (by the output compare circuit pulse) to an out- 
put level register. The values in the output compare register 
and the output level bit should be changed after each isuc- 
oas^l cocnparison in order to control an output waveform or 
establish a new elapsed timeout. An internipt can also 
accompany a successful output ^owmM^^if^i^jp^e- 
sponding inten-upt enable bit, OClit, Is 1^. ' 



containing tlie inoet , significant byltt ($16), the output com- 
pare function is inhit^ted until the least significant byte ($17) 
is al$o ^Uten. The user must write both bytes (locations) If 
Ihe (Ttost significant byte is written first. A write made only to 
ttie least significant byte ($17) will not inhibit the compare 
function. Ttie free njnnlng cognter is updated every four 
internal processor clocl« cycles due. tio thf iQtainal prescaler. 
The minimum litTie required to update the output compare 
register is a function of the software program rather than the 
internal hardware. 

A processor write may tie made to either byte of the output 
compare register without affecting the other byte. The output 
level (OLVL) bit is clocked to the output level register regard- 
less of whether the output compare flag (OCF) is set or clear. 

Because neither the output compare flag (OCF bit) or output 
compare register is affected by reset, care must be exer- 
cised when InltiaHzing the output compare function with soft- 
ware. The following procedure is recommended: 

1 . Write the high byte of the output compare register to inhibit 
further compares until the low byte is written. 

2. Read the timer status register to arm the OCF if it is al- 
ready set. 

3. Write the output compare register low byte to enable the 
output compare function with the flag clear. 

The advantage of this procedure is to prevent the OCF bit 
from being set between the time it is read and the write to 
the output compare register. A software B)em*fAe is ^own 
below. 

B716 STA OCMPHI; INHIBIT OUTPUT COMPARE 

B613 LDA TSTAT; ARH< OCF BIT IF SET 

BF17 SIX OCMPLO; READY FOR NEXT COMPARE 

INPUT CAPTURE REGISTER 

The two S-bit registere which mal(e up the 16-bit input cap- 
ture register are read-only and are used to latch the value of 
the free running counter after a defined transition is sensed 
by the corresponding input capture edge detector. The level 
transition which triggeis the counter transfer is defined by 
the corresponding input edge bit (lEDG). Reset does not 
affect the contents of the input capture register. 

The result obtained by an input capture will be one more 
than the value of the free running counter on the rising edge 
of the internal processor clock preceding the external transi- 
tion (refer to timing diagram shown in Figure 17). This delay 
is required for internal synchronization. Resolution is 
affected by the prescaler allowing the timer to only increment 
every four internal processor clock cycles. 

After a read of the most significant byte of the input capture 
register ($14), counter transfer is inhibited until the least sig- 
nificant t}yte ($15) of the input capture register is also read. 
This characteristic forces the minimum pulse period attain- 
able to be determined by the time used in the capture soft- 
ware routine and its interaction with the main program. The 
free running counter increments every tour internal proces- 
sor clock cycles due to the prescaler. 
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A read of the least significant byte ($15) of the input capture 
register does not inhibit the free running counter transfer. 
Again, minlmunn pulse periods are ones which allow soft- 
ware to read the least significant byte ($15) and perform 
needed operations. There is no conflict botwwon tt».iiMd of 
the input capture rsgister and the free nmnltvcaiintertitens- 
fer since they occur on opposite edges of the internal pro- 
cessor clock. 

TIMER CONTROL REGISTER (TCR) 

The timer control register (TCR, location $12) Is an 8-bit 
read/write register which contains five control bits. Three-of 
these bits control tnteroipts associated with each of WtHfde 
flag bits found in the timer status register (dls^ssed below). 
The other two bits control: 1) which edge is significant to 
the capture edge detector (i.e., negative or positive), and 
2) the next value to t>e clodded to the output level register in 
response to a successful output compare. The timer control 
register and the free running counter are the only sections of 
the timer affected by reset. The TCMP pin is forced low dur- 
ing external reset and stays low until a valid, compare 
changes it to a high. The timer control register is illustrated 
below followed be a definition of each bit. 
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B7, ICIE If the input capture interrupt enable (ICIE) bit Is 
set, a timer interrupt Is enabled when the ICF 
status flag (in the timer status register) is set. If 
the ICIE bit Is clear, the inten-upt is inhibited. The 
ICIE bit is cleared by reset. 

B6, OCIE If the output compare interrupt enable (OCIE) bit 
is set, a timer interrupt is enabled whenever the 
OOF status flag is set. If the OCIE bit is clear, 
Are interrupt is inhibited. The OCIE bit is cleared 
byreset.' 

B5, TOIE If the timer overflow Interrupt enable (TOIE) bit Is 
set, a timer interrupt Is enabled whenever the 
TOF status flag (in the timer status register) is 
set. If the TOIE bit is clear, the interrupt Is inlilb- 
Ited. The TOIE bit is cleared by reset. 

B1, lEDG The value of the Input edge (lEDG) bit detemiines 
which level transition on pin 37 will trigger a free 
running counter transfer to the Input capture 
register. Reset does not affect the lEDG bit. 

= negative edge 

1 = positive edge 

BO, OLVL The value of the output level (OLVL) bit is 
clocked into the output level register by the next 
successful output compare and will appear at 
pin 35. This bit and the output level register are 
cleared by reset. 

= low output 

1 = high output 

TIMER STATUS REGISTER (TSR) 

The timer status register (TSR) is an 8-bit register of which 
the three most significant t>lts contain read-only status infor- 
mation. These three bits indicate the following: 



1 . A proper transition has taken place at pin 37 with an ac- 
companying transfer of the free running courtter contents 
to the input capture register, ' ' 

2. A match has been found between the free running counter 
and the output compare register, and 

3. A free running counter transition from $FFFF to $0000 has 
been sensed (timer overflow). 

The timer status register Is Illustrated below followed by a 
definition of each bit. Refer to timing diagrams shown in Fig- 
ures 16, 17, and 1i#fiMWIMtl«ltaicM1|3'1o the timer status 
register bits. 
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B7, Tfie input capture flag (ICF) is set when a proper 

edge has tieen sensed by the input capture 
edge detector. It is cleared by a processor 
access of the timer status register (with ICF set) 
followed by accessing the low byte ($15) of the 
input capture register. Reset does not affect the 
input compare flag. 

B6, OCF The output compare flag (OCF) is set when the 
output compare register contents match the 
contents of the free running counter. The OCF Is 
cleared by accessing the timer status register 
(with OCF set) and then accessing the low byte 
($17) of the output compare register. Reset does 
not affect the output compare flag. 

BS, TOF The timer overflow flag (TOF) bit Is set by a tran- 
sition of the free running counter from $FFFF to 
$0000. It is cleared by accessing the timer status 
register (with TOF set) followed by an access of 
the free running counter least significant byte 
($19). Reset does not affect the TOF bit. 

Accessing the timer status register satisfies the first condi- 
tion required to clear any status bits which happen to be set 
during the access. The only remaining step is to provide an 
access of the register which is associated with the status bit. 
Typically, this presents no problem fbrthefnptiit cafttuee and 
output compare functions. 

A problem can occur when using the timer overflow function 
and reading the free running counter at random times to mea- 
sure an elapsed time. Without Incorporating the proper pre- 
cautions into software, the timer overflow flag could 
unintentionally be cleared if: 1) the timer status register is 
read or written when TOF is set, and 2) the least significant 
byte of the free running counter is read but not for the purpose 
of senricing the flag. The counter altemate register at address 
$1A and $1B contains the same value as the free running 
counter (at address $18 and $19); therefore, this altemate 
register can be read at any time without affecting the timer 
overflow flag in the timer status register. 

During STOP and WAIT instructions, the programmable timer 
functions as follows: during the wait mode, the timer continues 
to operate normally and may generate an Intemjpt to trigger the 
CPU out of the wait state; during the stop mode, the timer holds 
at its current state, retaining all data, and resumes operation 
from this point when an external intemjpt is received. 



Serial Communications Interface (SCI) 

INTRODUCTION 

A full-duplex asynchronous serial communications interface 
(SCI) is provided with a standard NRZ format and a variety 
of baud rates. The SCI transmitter and receiver are function- 
ally independent, but use the same data format and bit rate. 
The serial data format is standard mark/space (NRZ) which 
provides one start bit, eight or nine data bits, and one stop 
bit. "Baud" and "bit rate!' «i»t««i^4QmMiynD0usly in the fol- 
lowing description. 

SCI 1Wo wire Systsm FMrtums 

• Standard NRZ (mark/space) fonnat 

• Adranced error deiectipn RWthod include 
for noise duration of upji^ ^6 bit tima 

• Full-duplex operiitibn (simultaneous transmit and receive) 

• Software programmable for one of 32 different baud rates 

• Software selectable word length (eight or nine bit words) 

• Separate transmitter and receiver enable bits. 

• SCI may be interrupt driven 

• Four separate enable bits available for interrupt control 
SCI Receiver Features 

• Receiver walc^Mip function (idfe or acidr^K, btt) 

• Idle line detect 

• Framing error detect 

• Noise detect 

• Overrun detect 

• Receiver data register full flag 
SCI Transmitter Features 

• Transmit data register empty flag 

• TranslMtcbmpi0t«'flag - 

• Break send 

Any SCi two-wired system requires receive data in (RDi) 
and transmit data out (TDO)- 

DATA FORiMAT 

Receive data in (RDI) or transmit data out (TDO) is the serial 
data which is presented between the Internal data bus and 
the output pin (TDO), and between the input pin (RDI) and 
the internal data bus. Data format is as shown for the NRZ in 
Figure 20 and must meet the following criteria: 

1. A high level Indicates a logic one and a low level indicates 
a logic zero. 

2. The Idle line Is In a high (logic one) state prior to transmis- 
sion/reception of a message. 

3. A start bit (logic zero) Is transmitted/received Indicating the 
start of a message. 



4. The data is transmitted and ree^ved least-significant-bit first 

5. A stop bit (high in the tenth or eleventh bit posKkHi) indi- 
cates the byte is complete. 

6. A: break ts d^ned as tl!ie transmission or reception of a 
low^ogie 3m)1or sciR» xMliple (rf ttie data forir» 

CONTROL BTT 'M* 
SELECTS 8 OR 8 
BIT DATA 

012345678 

"j^jg n iM III I. I I I i ti r 



t^top bit is always high. 

FIGURE 20. DATA FORMAT 
WAKE-UP FEATURE 

in a typical multiprocessor configuration, the software protocol 
will usually identify the addressee(s) at the tieginning of the 
message. In order to permit uninterested MRUs to ignore the 
remainder of the message, a wake-up feature is included 
whereby all further SCI receiver flag (and interrupt) 
processing can be inhibited until Its data line returns to the idle 
state. An SCI receiver is re-enabled by an idle string of at 
least ten (or eleven) consecutive ones. Software for the 
transmitter must provide for the required idle string between 
consecutive messages and prevent it from occurring within 
messages. 

The user Is aik>wed a second method of providing the wake- 
up feature in lieu of tlie idle string discussed above. This 
method allows the user to insert a logic one In the most slg- 
nifk»nt bit of the transmit data word wNch needs to be 
received by all "sleeping" processors. 

RECEIVE DATA IN 

Receive data in is the serial data which is presented from the 
input pin via the SCI to the internal data bus. While waiting 
for a start bit, the receiver samples the Input at a rate which 
is 16 times higher than the set baud rate. This 16 times 
higher-than-baud rate is referred to as the RT rate in Figures 
21 and 22, and as the receiver clock in Figure 26. When the 
Input (idle) line is detected low, it is tested for three more 
sample times (referred to as the start edge verification sam- 
ples in Figure 21), If at least two of these three verification 
samples detect a logic low, a valid start bit is assumed to 
have been detected (by a logic low following the three start 
qualifiers) as shown in Figure 21; however, if in two or more 
of the verification samples a logic high is detected, the line is 
assumed to tie Idle. (A noise flag is set if one of the three 
verification sample detects a logic high, thus a valid start bit 
could be assumed and a noise flag still set.) The receiver 
clock generator is controlled by the baud rate register (see 
Figures 25 and 26); however, the serial communications 
interface is synchronized by the start bit (independent of the 
transmitter). 
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FIGURE 21 . EXAMPLES OF START BIT SAMPUNG TECHNIQUE 



Once a valid start bit is detected, the start bit, eacti data bit, 
and the stop bit are sampled three times at RT intervals of 
8RT, 9RT, and 10RT (1RT Is the position where the bit is 
expected to start as shown in Figure 22. The value of the bit 
is determined by voting logic which takes the value of the 
maiorlty of samples (two or three out of three). A noise flag is 
set when all three samples on a valid start bit or a data bit or 
the stop bit do not agree. (As discussed above, a noise flag 
is also set when the start <bit verification samples do not 
agree). 
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FIGURE 22. SAMPLING TECHNIQUE USED ON ALL BITS 

START BIT DETECTION FOLLOWING A 
FRAMING ERROR 

If there has been a framing error without detection of a breal< 
(10 zeros for 8-bit format or 11 zeros for 9-bit format), the circuit 
continues to operate as If there actually were a stop bit and the 
start edge will be placed artificially. The last bit received in the 
(|ata shift register is inverted to a logic one, and the three k^ic 
ohe start qualifiers (shown in Figure 21) are forced Ho M 
sample shift register during the Ihteniat whefi dfetdc^'c^ a 
start bit Is anticipated (see Rgure 23); therefore! the «iteft l^|Mil| 
be accepted no sooner than it is anticlpEded. 
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FIGURE 23B. CASE 2, RECEIVE UNE HIGH DURING EXPECTED 
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FIGURE 23. Sa ARTIFICIAL START FOLLOKWIG A FRAMING 



ERROR 



If the receiver detects that a break (RDRF = 1, FE = 1, 
receiver data register = $00) produced the framing error, the 
start bit will not be artificially induced and the receiver must 
actually receive a logic one bit before start. See Figure 24. 
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FIGURE 24. sa START BIT FOLLOWING A BREAK 



2^41 



emmi^^^sm'^^p^t^i-i^i^ cs, €dp68hscosc4, ca 




I FE I NF I (» I IDLE | RDBF| TC | TORE | 



TE 



HttunsmtI 
COMTROtI 



WAKE 
UP 
UNIT 



/ 7 



FLAG 
CONTROL 



RECEIVE I 
CONTROL I 



RATE GENERATOR 



INTERNAL 
- PROCESSOR 
CLOCK 



^{jjijl 



RATE 
RECHSTER 



«* I R^8 I T8 I - I M |wAKe| - | - | - | SCCHI 



NOTE: The Serial Communications Data Register (SCDAT) is controiied by the internal R/W signal, it is the transmit data register when writ- 
ten and naCehw ^iia register when read. 

FIGURE 25. SERIAL COMMUNICATIONS MTERFACE BLOCK DIAGRAM 
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REGISTERS 

There aia five different registers used in the serial communi- 
cations Interface (SCi) and the Internal configuration of 
these registers is discussed In the following paragraphs. A 
block diagram of the system is shown In Figure 25. 

Serial CommuMcafloiw IMa RmiMer (SCDAI) 
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Serial CommunlcatiQns Data Regteter 



FIGURE 26. RATE GENERATOR DmSKM 
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The serial communications data register perfomris two func- 
tions in the serial communications Merfaoe; i.e. it acts as the 
receive data register wtien it is read and as the transmit data 

register when it is written. Figure 25 shows the register as two 
separate registers, namely: the receive data register (RDR) 
and the transmit data register (TDR). As shown in Figure 25, 
the TDR (transmit data register) provides the parallel interface 
from the internal data bus to the transmit shift register and tfte 
receive data register (RDR) provides the interface from the 
receive shift register to the internal data bus. 

When SCDAT is read, it becomes the receive data register 
and contains the last byte of data received. The receive data 
register, represented atxjve, is a read-only register contain- 
ing the last byte of data received from the shift register for 
the internal data bus. The RDRF bit (receive data register 
full bit in the serial communications status register) is set to 
indicate that a byte has been transferred from the input 
serial shift register to the serial communications data regis- 
ter. The transfer is synchronized with the receiver bit rate 
clock (from the receive control) as shown in Figure SS. /Ml 
data is received least-significant-bit first. 

When SCDAT is written, it becomes the transmit data regis- 
ter and contains the next byte of data to be transmitted. The 
transmit data register, also represented above, is a write- 
only register containing the next byte of data to be applied to 
the transmit shift register from the internal data bus. As long 
as the transmitter is enabled, data stored in the serial com- 
munications data register is transferred to the transmit shift 
register (after the current byte in the shift register has tieen 
transmitted). The transfer from the SCDAT to the transmit 
shift register is synchronized with the bit rate clock (from the 
transmit control) as shown in Figure 25. All data is transmit- 
ted least-significant-bit first. 

Serial Communications Control Register 1 (SCCR1) 
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The serial communications control register 1 (SCCR1) pro- 
vides the control bits which: 1) determine the word length 
(either 8 or 9 bits), and 2) selects the method used for the 
wake-up feature. Bits 6 and 7 provide a location for storing 
the ninth bit for longer bytes. 

B7, R8 If the M bit is a one, then this bit provides a stor- 
age location for the ninth bit in the receive data 
byte. Reset does not affect this bit. 

B6. T8 if the M bit is one, then this bit provides a stor- 
age locations for the ninth bit in the transmit data 
byte. Reset does not affect this bit. 

84, M The option of the word length is selected by the 
configuration of this bit and is shown below. 
Reset does not affect this bit. 0=1 start bit, 8 
data bits, 1 stop bit 1 = 1 start bit, 9 data bits, 1 

stop bit 

83, WAKE This bit allows the user to select the method for 
receiver "wake up", if the WAKE bit is a logic 
zero, an idle line condition will "wake up" the 



receiver. If the WAKE bit is set to a logic one, the 
system acknowledges an address bit (most sig- 
nificant bit). The address bit is dependent on 
both the WAKE bit and the M bit level (table 
shown below). (Additkxially, the receiver does 
not use the waice-up feature unless the RWU 
control bit in serial comfflunications control reg- 
ister 2 is set as discussed below.) Reset does 
not affect this bit. 
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Serial Communications Control Register 2 (SCCR2) 
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The serial communications control register 2 (SCCR2) pro- 
vides the control bits which: individually enable/disable the 
transmitter or receiver, enable the system interrupts, and 
provide the wake-up enable bit and a "send break code" bit. 
Each of these bits is described below. (The individual flags 
are discussed in the Serial Communlortions Status Reg- 
ister Section.) 

87, TIE When the transmit interrupt enable bK is set, the 
SCI interrupt occurs provided TORE is set (see 
Figure 25). When TIE is clear, the TORE interrupt 

is disabled. Reset clears the TIE bit. 

86, TCIE When the transmission complete interrupt 
enable bit is set, the SCI interrupt occurs pro- 
vided TC is set (see Figure 25). When TCIE is 
clear, the TC interrupt is disabled. <ftese|#sars 
the TCIE bit. 

85, RIE When the receive inte^^lpt enable bit is set, the 
SCI interrupt occurs provided OR is set or 
RDRF is set (see Rgure 25). When RIE is clear, 
the OR and RDRF intemipts are disabled. Reset 
clears the RIE bit. 

84, lUE When the idle line interrupt enable bit is set, the 
SCI interrupt occurs provided IDLE is set (see 
Figure 25). When ILIE is clear, the IDLE interrupt 
is disabled. Reset clears the ILIE bit. 

TE When the transmit enable bit is set, the transmit 
shift register output is applied to the TOO line. 
Depending on the state of control bit M in serial 
communications control register 1, a preamble 
of 10(M = 0) or 11 (M = 1) consecutive ones is 
transmitted when software sets the TE bit from a 
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cleared state. If a transmission is in progress, 
and TE is written to a zero, then the transmitter 
i^M wait until sdter titie present byte has been 
' . transmitted befow platiit^ Itie TOO pin in tlie 
Wei Ngh-impadanee stata^ If the TE pin has 
beien wrtten to a lero arid 4ien set to a one 
■ ■ b^ore the cun'ent byte is n»nsmittwl, the trans- 
mitter will wait until that byte Is transmitted and 
will then initiate transmission of a new preamble. 
After the preamble Is transmitted, and provided 
the TORE bit Is set (no new data to transmit), 
the line remains idle (driven Inigh while TE = 1); 
otherwise, normal transmission occurs. This 
function allows the user to "neati/' terminate a 
transmission sequence. After loading the last 
byte in the serial communications data register 
and receiving the Interrupt from TORE, Indicat- 
ing the data has been transferred into the shift 
register, the user should clear TE. The last byte 
will then be transmitted and the line will go idle 
(high impedance). Reset clears the TE bit. 

B2, RE _ ^ yVhen the receive enable bit is set, the receiver 
^' ^ %'en^bl6d. Vliren RE is deal, the receiver Is dis- 
abled and all of the status bit associated with the 
receiver (RDRF, IDLE, OR, NF, and FE) are 

inhibited. Reset clears the RE bit. 

B1, RWU When the receiver wal<e-up bit is set. it enables 
the "wake up" function. The type of 'wake up" 
mode for the receiver is determined by the 
WAKE bit discussed above (in the SCCR1). 
When the RWU bit is set, no status flags will be 
set. Flags which were set previously will not be 
cleared when RWU is set. If the WAKE bit is 
cleared, RWU is cleared after receiving 10(M = 
0) or 11 (M = 1) consecutive ones. Under these 
conditions, RWU cannot be set if the line is Idle. 
If the WAKE bit is set, RWU is cleared after 
receiving an address bit. The RDRF flag will 
then be set and the address byte will be stored 
In the receiver data register. Reset clears the 
RWU bit. 

BO, SBK When the send break bit Is set the transmitter 
sends zeros in some number equal to a multiple 
of the data format bits. If the SBK bit is toggled 
set and clear, the transmitter sends 10(M = 0) or 
1 1 (M = 1 ) zeros and then reverts to idle or send- 
ing data. The actual numtser of zeros sent when 
SBK is toggled depends on the data format set 
by the M bit in the serial communications control 
register 1 ; therefore, the break code will be syn- 
chronous with respect to the data stream. At the 
completion of the break code, the transmitter 
sends at least one high bit to guarantee recogni- 
tion of a valid start bit Reset clears the SBK bit 
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The serial communications status register (SCSR) provides 
inputs to ttie iiHerrupt logic circuits for generation of the SCI 
system interrupt. In addition, a noise flag bit and a framing 

error bit are also contained in the SCSR. 

B7, TDRE The transmit data register empty bit is set to 
indicate that the contents of the serial communi- 
cations data register have been transferred to 
the transmit serial shift register If the TDRE bit 
is clear, it indicates that the transfer has not yet 
occurred and a write to the serial communica- 
tions data register will ovenwrite the previous 
value. The TDRE bit is cleared by accessing the 
serial communications status register (with 
TDRE set), followed by writing to the serial com- 
munication data register. Data can not be trans- 
mitted unless the serial communications status 
register is accessed before writing to the serial 
communications data register to clear the TORE 
flag bit. Reset sets the TDRE bit. 

B6, TC The transmit complete bit is set at the end of a 
data frame, preamble, or break condition If: 

1 . TE = 1 , TORE = 1 , and no pending data, pre- 
amble, or break is to be transmitted; or 

2. TE = 0, and the data, preamble, or break (In the 
transmit shift register) has been transmitted. 

The TC bit is a status flag which indicates that 
one of the above condittons has occurred. The 
TC bit Is cleared by accessing the serial commu- 
nications status register (with TC set), followed 
by writing to the serial communlcatk>ns data reg- 
, ^er. {lt doss mA inhbit the transmitter function in 
any way. neset sets the TC bit. 

85, RDRF When the receive data register full bit is set, it indi- 
cates that the receiver serial shift register is trans- 
ferred to the serial communkatkxis data register. If 
multiple errors are detected in any one received 
word, the NF, FE, and RDRF bits will be affected 
as appropriate during the same clock cycle. The 
RDRF bit is cleared when the serial communica- 
tk)ns status register is accessed (with RDRF set) 
folk>wed by a read of the serial communnations 
data register Reset clears the RDRF bit. 

B4, IDLE When the idle line detect bit is set, it indicates 
that a receiver idle line is detected (receipt of a 
minimum number of ones to constitute the num- 
ber of bits in the byte format). The minimum 
number of ones needed will be 10(M = 0) or 
11 (M = 1). This allows a receiver that is not in 
the wake-up mode to detect the end of a mes- 
sage, defect the preamble of a new message, or 
to resynchronize with the transmitter. The IDLE 
bit is cleared by accessing the serial communi- 
cations status register (with IDLE set) followed 
by a read of the serial communications data reg- 
ister. The IDLE bit will not be set again until after 
an RDRF has been set; i.e., a new idle line 
occurs. The IDLE bit is not set by an idle line 
when the receiver "wakes up" from the wake-up 
mode. Reset clears the IDLE bit. 
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B3, OR When the overrun error bit is set. It indicates that 
the next byte is ready to be transferred from the 
receive shift register to the serial communications 
data register when It is already full (RDRF bit is 
set). Data transfer Is then inhibited until the RDRF 
bit Is cleared. Data in the serial communications 
data register is valid In this case, but additional 
data received during an overrun condition (includ- 
ing the byte causing the overrun) will be lost. The 
OR bit is cleared when the serial communications 
status register is accessed (with OR set), fol- 
lowed by a read of the serial communications 
data register. Reset clears the OR bit. 

92, NF The noise flag bit is set if there is noise on a 
"valid" start bit or if there is noise on any of the 
data bits or if there is noise on the stop bit. It is 
not set by noise on the idle line nor by invalid 
(false) start bits. If there is noise, the NF bit is 
not set until the RDRF flag is set. Each data bit 
is sampled three times as descritied above in 
RECEIVE DATA IN and shown in Figure 22. The 
NF bit represents the status of the byte in the 
serial communications data register. For the 
byte being received (shifted In) there will also be 
a "workingT noise flag the value of which will be 
transferred to the NF bit when the serial data is 
loaded Into the serial communications data reg- 
ister. The NF bit does not generate an interrupt 
because the RDRF bit gets set with NF and can 
be used to generate the interrupt. The NF bit is 
cleared when the serial communications status 
register is accessed (with NF set), folowsd ^ a 
read of the serial communications data register. 
Reset clears the NF bit. 

B1, FE The framing error bit is set when the byte txjund- 
aries in the bit stream are not synchronized with 
the receiver bit counter (generated by a "losf 
stop bit). The byte Is transferred to the serial com- 
munications data register and the RDRF bit is 
set. The FE bit does not generate an interrupt 
because the BDRF bit is set at the same time as 
FE and can be used to generate 0ie intermpt 
Note that if the byte received causes a framing 
en^or and it will also cause an overrun if trans- 
ferred to the serial communications data register, 
then the overrun bit will be set, but not the fram- 
ing error bit, and the (jyte will not be transferred to 
the serial communications data register. The FE 
bit is cleared when the serial communications 
status register is accessed (with FE set) followed 
by a read of the serial communications data reg- 
ister. Reset clears the FE bit 

Baud Rate Register 
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The baud rate register provides the means for selecting dif- 
ferent baud rates which may be used as the rate control for 
the transmitter and receiver. The SCPO ' SCI*1 tiits ftmetion 



as a prescaler for the SCRO - SCB2 bits. Together, these five 
bits provide multiple, baud rate combinations for a given 

crystal frequency. 

B5, SCP1 , These two bits in the baud rate register are used 
B4, SCPO as a prescaler to increase the range of standard 

baud rates controlled by the SCRO - SCR2 bits. 

A table of the prescaler internal processor clock 

division versus bit levels is provided below. 

Reset clears SCPI - SCPO bits (divide-by-one). 
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82, SCR2, These three i>its in the baud rate register are 
81, SCRI, used to select the baud rates of both the tians- 
80, SCRO mitter and receiver. A table of baud rates versus 

bit levels is shown below. Reset does not affect 

the SCR2- SCRO bits. 
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The diagram of Figure 26 and Tables 5 and 6 illustrate the 
divided chain used to obtain the baud rate clock (transmit 
clock). Note that there is a fixed rate divide-by-16 between 
the receive clock (RT) and the transmit clock (Tx). The 
actual divider chain is controlled by the combined 
SCPO - SCPI and SCRO ■ SCR2 bits in the baud rate regis- 
ter as illustrated. All divided frequencies shown in the first 
table represent the final transmit clock (the actual baud rate) 
resulting from the Internal processor clock division shown in 
the "divide-by' column only (prescaler division only). The 
second table illustrates how the prescaler output can be fur- 
ther divided by action of the SCI select bits (SCRO - SCR2). 
For example, assume that a 9600Hz baud rate is required 
with a 2.4S76MHZ external crystal. In this case the prescaler 
bits (SCPO - SCPI) could be configured as a divide-by-one 
or a dMde-^^r. If a dMde-by-four prescaler Is used, then 
the SCRO - SCR2 bits must be configured as a divide-by^ 
two. This results In a divide-by-128 of the intemal processor 
clock to produce a 9600Hz baud rate ckick. Using the same 
crystal, the 9600 baud rate can be obtained with a prescaler 
divlde-by-one and the SCRO - SCR2 bits configured for a 
divide-by-eight. 

NOTE: The crystal frequency is intemally divlded-by-two to generate 
the Intemal procesiM!)6ladt' 
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TABLE S- PRESeALER HIGHEST BAUD RATE raEQUENCV QUTPUTT 
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(N0TE1) 
CLOCK 
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CRYSTAL FflEaua«CY MKe 
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(NOTE 2) 8.0 


4.194304 


4.0 


2.4576 


2.0 


1.8432 
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250.000kHz 
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125.000kHz 
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83.332kHz 
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41.666kHz 
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20.833kHz 
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^.SOOKHz 


32.768kHz 


31.250kHz 


19.20kHz 


15.62SkHz 


14.40kHz 


1 


1 


13 


19.200kHz 


10.082kHz 


9600Hz 


5.907kHz 


4800Hz 


4430Hz 



NOTES: 

1. The clock in the "CLOCK DIVIDED BY" column is the internal processor clock. 

2. CDP68HSC05C4 and CDP68HSC05C8 types. 

3. The divided frequencies shown in Table 5 represent baud rates whk;h are the highest transmit baud rate (Tx) that can be obtained by a 
specifk: crystal frequency and only using the prescaler division. Lower baud rates may be obtakieil iqr praMcling a lUitherdiviskin using 
the SCI rate select bits as shown below for some representative prescaler outputs. 



TABLE 6. TRANSMIT BAUD RATE OUTPUT FOR A GIVEN PRESCALER OUTPUT 
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131.072kHz 
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125.000kHz 


65.536kHz 


16.384kHz 


38.40kHz 


9600Hz 


4800Hz 





1 
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62.500kHz 


32.678kHz 


8.192kHz 


19.20kHz 


4800Hz 


2400Hz 





1 
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31.250kHz 


16.384kHz 


4.096kHz 


9600Hz 


2400Hz 


1200Hz 


1 








16 


15.625kHz 


8.192kHz 


2.048kHz 


4800Hz 


1200Hz 


600Hz 
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7.813kHz 


4.096kHz 


1.024kHz 


2400Hz 


600Hz 


300Hz 


1 
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64 


3.906kHz 


2.048kHz 


512Hz 


1200Hz 


300 Hz 


150Hz 


1 


1 


1 


128 


1.953kHz 


1.024kHz 


256Hz 


600Hz 


150Hz 


75Hz 



NOTES: '•■ ■' • 

1 . CDP68HSC05C4 and CDP68HSC05C8 types. 

2. Table 6 Illustrates how the SCI select bits can be used to provide iowertransmitter liautintfssbyfurthef dividing the prescaler output 
frequency. Thefive examples are only lepresentslivesaniples; InalleasestttielMtKl'litfesalioi^arefiaiiispttb^ 
8ndtlW'reoiBhrerc(eck>'1samesUgherin(iaqufii(^,t^ . \ 



Serial Peripheral Interface (SPI) 

INTRODUCTION AND FEATURES 
Introduction 

The serial peripheral interface (SPI) is an interface built into 
the MCU virhich allows several MCUs, or one MCU plus 
peripheral devices, to be interconnected writhin a single "black 
box" or on the same printed circuit board. In a serial peripheral 
interface (SPI), separate wires (signals) are required for data 
and clock. In the SPI format, the clock is not included in the 
data stream and must be furnished as a separate signal. An 
SPI system may be configured as one containing one master 
I^CU and several slave MCUs, or in a system in which an 
MCU Is capable of being either a master or a slave. 

Figure 27 Illustrates a typical multicomputer system configu- 
ration. F^ure 27 repr0^)ts a of five different MCUs 
in wfiii^ thete aire one nta^r aneTtour slave (0, 1, 2, 3). In 
this system four basic line (signals) are required for tfie 
MOSI (master out slave in), MISO (master in Slave out), 
SCK serial clock, and SS (slave select) lines. 



Features 

• Full Duplex, Three-Wire Synchronous Transfers 

• Master or Slavs iOperaUon 

• Master Bit Frequency 

- 1.05MHz Maximum (CDP68HC05C4, CDP68HC05C8, 
and CDP68HCL05C4, CDP68HCL05C8) 

- 2.0MHz Maximum (CDP68HSC05C4, CDP68HSC05C8) 

• Slave Bit Frequency 

- 2.1MHz Maximum (CDP68HC05C4, CDP68HC05C8, 
and CDP68HCL05C4, CDP68HCL05C8) 

- 4.0MHz Maximum (CDP68HSC(SC4,CDP68HSC05CB} 

• Four Programmable Master Bit Rates 

• Programmable Clock Polarity and Phase 

• End of transmission Intarrupl Flag 

• Write Collision Flag Protection 

• Master-Master Mode Fault Protection Capability 



2-46 



CDP68HC05C4, C8. CDP68HCL05C4, C8, CDP6miSEmE^ €» 





MISO 




MOSI 




SCK 


CDP68HC05C8 
MASTER 


SS 









1 

PORT 2 




3 



Voo 



MISO MOSI SCK 



I MISO MOSI SCK SS 



CDP6SHC05C4 SLAVE 3 



I MISO MOSI SCK Ss 



CDP68HC05C4 SLAVE 2 



MISO MOSI SCK Ss 



CDP68HC05C4 SLAVE 1 



memaxr. master-slave system configuration (single MASTSHrKmiR slawes) 



SIGNAL DESCRIPTION 



The four basic signals (MOSI, MISO, SCK, SS) discussed 
above are described in the following paragraphs. Each sig- 
nal function is described for both the master and slave 
mode. 

Master Out Slave In (MOSI) 

The MOSI pin is configured as a data output in a master 
(mode) device and as a data input in a slave (mode) device. 
In this manner data is transferred serially from a master to a 
slave on this line; most significant bit first, least significant bit 
last. The timing diagrams of Figure 28 summarize the SPI 
timing and show the relationship between data and clock 
(SCK). As shown in Figure 28, four possible timing relation- 
ships may be chosen by using control bits CPOL and CPHA. 
The master device always allows data to be applied on the 
MOSI line a half-cycle before the clock edge (SCK) in order 
for the slave device to latch the data. 

NOTE: Botti the slave devicG(s) and a master device must be pro- 
grammed to similar timing modes for proper data transfer. 

When the master device transmits data to a second (slave) 
device via the MOSI line, the slave device responds by send- 
ing data to the master device via the MISO line. This implies 
full duplex transmission with tx)th data out and data in syn- 
chronized with the same clock signal (one which is provided 
by the master device). Thus, the byte transmitted is replaced 
by the byte received and eliminates the need for separate 
transmit-empty and receiver-full status bits. A single status bit 
(SPIF) Is used to signtfy that the l/Q,ee«f«tk)n is complete. 

Configuratksn of the MOSI pin is a function of tlie IMSTR bit 
in the seriai peripfwral control register (SPOR, tocatkm $0A). 
When a device Is operatins^ as a master, the MOSI pin is an 
output because the program In firmware sets the'MSTR bit 

to a logic one. 

Master in Slave Out (MISO) 

The MISO pin is configured as an input in a master (mode) 
deviee: and as an output in a slave (ittoda) deViee. In Ihte 
manner (feita is tRMsfeh«d«Sriatly from a^ilfli»i^f6 a 



on this line; most signifk»nt bit first, least signifk»nt bit last. 
The MISO pin of a slave devi(» is placed in the high-imped- 
ance state if it is not selecled by the master; i.e., its 88 pin is 
a k3gic one. The timing diagiam of Figure 2B shows the rela- 
tionship between data and clock (SCK). As shown in Figure 
28, four possible timing relationships may be chosen by 
using control bits CPOL and CPHA. The master device 
always allows data to be applied on the MOSI line a half- 
cycle before the clock edge (SCK) in order for the slave 
device to latch the data. 

NOTE: The slave davice(s) and a master devk» must be program- 
med to similar timing modes for proper data transfer. 

When the master device transmits data to a slave device via 
the MOSI line, the slave device responds by sending data to 
the master device via the MISO line. This implies full duplex 
transmission with both data out and data in synchronized 
with the same clock signal (one which is provided by the 
master device). Thus, the byte transmitted is replaced by the 
byte received and eliminates the need for separate transmit- 
empty and receiver-full status bits. A single status bit (SPIF) 
in the serial peripheral status register (SPSR, location $0B) 
is used to signify that the I/O operation is complete. 

In the master devtee, the MSTR control bit in the serial 
peripheral control register (SPCR, locatk>n $0A) is set to a 
logic one (by the program) to allow the master device to 
receive data on its MISO pin. In the slave device, its MISO 
pin is enable by the logic level of the SS pin; i.e., if SS = 1 
then the MISO pin Is placed in the high-impedance state, 
whereas, if 88 = the MISO pin is an output for the slave 
devk». 

Serial Clock (SCK) 

The serial clock is used to synchronize the movement of data 
both in and out of the device through its MOSI and MISO pins. 
The master and slave devices are capable of exchanging a 
data byte of Informatkin during a sequence of eight clock 
pulses. The SCK is generated by the master device, is an 
input on all slave devices, an^ synchronizes master/slave 
<ifik fiansfeis. tlie type Qf dock and its rel^rtionslilp to data 



mm 



1 J ' 

^ (CPOL-..CPHA..0 n nnnnnnn 

(cpot..o.cPHA.i) n nnnnnnn 

^ (CP*. 1.CPH*.., UTJinJlJlJlTU 
,cPOL.i.cPHA.i, UTJTJTIJTJTJIJIJ 

•ISO/ "TTTTTTTTTTX — I — I — 1—1 — I — I — I — TyrrrrrTTTTT 

MSB 6 5 4 3 2 1 LSB 

I I I I I I I I 

INTERNAL STROBE FOR DATA CAPTURE CALL MODES) 
FIGURE 28. DATA CLOCK TIHINS DIAORAM 



are controlled by the CPOL and CPHA bits in the Serial 
Peripheral Control Register (SPCR, location $0A) discussed 
below. Refer to Figure 28 for timing. 

The master device generates the SCK through a circuit 
driven by the internal processor clocl<. Two bits (SPRO and 
SPR1) in the SPCR of the master device select the clock 
rate. The master device uses the SCK to latch incoming 
slave device data on the MISO line and shifts out data to the 
slave device on the MOSI line. Both master and slave 
devices must be operated in the same timing mode as con- 
trolled by the CPOL and CPHA bits in the SPCR. In slave 
devices, SPRO, SPR1 have no effect on the operation of the 
SRI. Timing Is shown In Figure 28. 

Slave Select (SS) 

The slave select (SS) pin is a fixed input, which receives an 
active low signal to enable slave device(s) to transfer data. A 
high level SS signal forces the MISO line to the high-imped- 
ance state. Also, SCK and MOSI are ignored by a slave 
device when its SS signal is high. The SS signal must be 
driven low prior to the first SCK and must remain low 
throughout a transfer. The SS input on a Master must l)e 
held high at all times (see description of MODF under Serial 
Peripheral Status Register for more details). 

As shown in Figure 28, with CPHA = 0, the first bit of data 
must be applied to the MISO line prior to the first transition of 
the SCK. In this case, SS going low Is used to provide the 
first clock edge of a transfer. A device is prevented from writ- 
ing to its SPI data register while SS is low and CPHA = 
(see description of WOOL under Serial Peripheral Status 
Register for more details). These facts require that SS go 
high between SPI data transfers whenever CPHA = 0. 

When CPHA a 1, the M of a stawe can be held low through- 
out a series of SPI ttansfais «nd In a dngia slaw ^stem 
can even be pennanently wired low: 

When a device is a master, it constantly monitors its SS sig- 
nal input for a logic low. The master device will become a 
slave deivtca any time ns S§ signal input is defected 1^. 



This ensures that there is only one master controlling the SS 
line for a particular system. When the SS line is detected 
low, it clears the MSTR control bit (serial peripheral control 
register, location $0A). Also, control bit SPE in the serial 
peripheral control register is cleared which causes the serial 
peripheral interface (SPI) to t>e disabled. The MODF flag bit 
In the serial peripheral status register (location $0B) is also 
set to Indicate to the master device that another device is 
attempthg to become a master. Two devices attempting to 
be outputs are normally the result of a software error; how- 
ever, a system could tie configured which would contain a 
default master which would automatically "take-over" and 
restart the system. 

FUNCTIONAL DESCRIPTION 

A block diagram of the serial peripheral Interface (SPI) is 
shown in Figure 29. In a master configuration, the master 
start logic receives an input from the CPU (in the form of a 
write to the SPI rate generator) and origlnatas the syst«n 
clock (SCK) based on the internal processor dock. This 
dock is also used internally to control the state controlier as 
well as the 8-bit shift register. As a master devk», data is 
paralM ksaded into the 8-bit shift register (from the internal 
bus) during a write cycle, data is applied serially from a slave 
devwe via ttie MISO pin to the 8-bit shift register. After the 
8-bit shift rsgi^r is loaded, its data is parallel transferred to 
the read buffer and then ts made available to the Internal 
data bus during a CPU read cycle. 

In a slave configuration, the slave _start logic receives a logic 
low (from a master device) at the SS pin and a system clock 
input (from the same master device) at the SCK pin. Thus, the 
slave is synchronized with the master. Data from the master is 
received serially at the slave MOSI pin and loads the 8-bit 
shift register. After the 8-bit shift register is loaded, its data is 
parallel transferred to the read buffer and then is made avail- 
able to the internal data bus during a CPU read cycle. During 
a write cycle, data is parallel loaded into the 8-bit shift register 
from the internal data bus and then shifted out serially to the 
MUS&#ln feiiaeR|iQatio(i to^ natter dewioa. 
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SEE NOTE 
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NOTES: " 

The SS, SCK, MOSI and MISO are external pins which provide the following functions: 

1 . MOSI - Provides serial output to slave unit(s) when device is configured as a master. Receives serial input from master unit when device 
is configured as a slave unit. 

2. MISO - Receives serial input from slave unit(s) when device is configured as a master. Provides serial output to master when device is 
configured as a slave unit. 

3. SCK - Provides system clock when device is configured as a master unit. Receives system clocl< when device Is configured as a slave unit. 

4. SS - Provides a logic low to select device for a transfer with a master device. 

FIGURE 29. SERUU. PRIPHERAL INTERFACE BLOCK DIAGRAM 



Figure 30 illustrates the MOSI, MISO, and SCK master- 
slave interconnections. Note tfiat in Figure 30 the master SS 
pin is tied to a logic high and the slave SS pin is a logic low. 
Figure 27 provides a larger system connection for these 
same pins. Note that in Figure 27, all SS pins are connected 
to a port pin of a master/slave device. In this case any of the 
dsviees can lse a slave. 



Serial Peripheral Control Register (SPCR) 
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FIGURE 30. SERIAL PERIPHERAL INTERFACE MASTER- 
iSMIVE IHinEteOIINECTION 

REGISTERS 

There are three register In the serial parallel interface which 
provide control, status, and data storage functions. These 
registers which include the serial peripheral control register 
(SPCR, location $0A), serial peripheral status register 
(SPSR, location $0B), and serial peripheral data I/O register 
(dPDR, tocstftKf^yaMtieiiatititietiildM.^- " 
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The serial peripheral control register bits are defined as 
follows: 

B7, SPIE When the serial peripheral interrupt enable is 
high, it allows the occurrence of a processor 
interrupt, and forces the proper vector to be 
loaded into the program counter if the serial 
peripheral status register flag bit (SPIF and/or 
MODE) is set to a logic one. It does not inhibit 
the setting of a slati^||t. ,]p]^^{E^bit is cleared 
by reset. 

B6, SPE When the serial peripheral output enable control 
bit is set, all output drive Is applied to the 
external pins and the system is enabled. When 
the SPE bit is set, it enables the SPI system by 
connecting it to the external pins thus allowing It 
to interface with the external SPI bus. The pins 
that are defined as output depend on which 
mode (master or slave) the device is in. 
Because the SPE bit is cleared by reset, the SPI 
system is not connected to the external pins 
upon reset. 



B4, MSTR The master bit determines whether the device is 
a master or a slave. If the MSTR bit is a logic 
zero it indicates a slave device and a logic one 
denotes a master device. If the master mode is 
selected, the function of the. SCK pin changes 
from an input to an output and the function of the 
MISO and MOSI pins are reversed. This allows 
the user to wire device pins MISO to MISO, and 
MOSI to MOSI, and SCK to SCK without inci- 
dent. The MSTR bit is cleared by reset; there- 
fore, the device is always placed in the slave 
mode during reset. 

B3, CPOL The clock polarity bit controls the normal or 
steady state value of the clock when data is not 
being transferred. The CPOL bit affects both the 
master and slave modes. It must be used in con- 
junction with the clock phase control bit (CPHA) 
to produce the wanted clock-data relationship 
tjetween a master and a slave device. When the 
CPOL bit is a logic zero, it produces a steady 
state low value at the SCK pin of the master 
device. If the CPOL bit is a logic one, a high value 
is produced at the SCK pin of the master device 
when data 1$ not being transferred. The CPQL,J?|I 
is not affected by reset. Refer to Figure 28. 

B2i CPHA The clock phase bit controls the relatbnship 
tietween the data on the MISO and MOSI pins 
and the clock produced or received at the SCK 
pin. This control has effect in both the master and 
slave modes. It must be used in conjunction with 
the clock polarity control bit (CPOL) to produce 
the wanted clock-data relation. The CPHA bit in 
general selects the clock edge which captures 
data and allows it to change states. It has its 
greatest impact on the first bit transmitted (MSB) 
in that it does or does not allow a clock transition 
Ijefore the first data capture edge. The CPHA bit 
is not affected by reset Refer to Figure 28. 

81, SPR1 These two serial peripheral rate bits select one 
BO, SPRO of four baud rates to used as SCK if the device 
is a master; however they have no effect in the 
slave mode. The slave device is capable of shift- 
ing data in and out at a maximum rate which is 
equal to the CPU clock. A rate table is given 
below for the generation of the SCK from the 
master. The SPR1 and SPRO bits are not 
affected by reset. 
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The status flags which generate a serial peripheral interface 
(SPI) Interrupt may be blocked by the SPIE control bit in the 
serial peripheral con^.tiasMit The WCQL bit does not 
cause an intentipt. the sera) peripheral status register bits 
are defined as follows: 

87, SPIF The serial peripheral data transfer flag bit noti- 
fies the user that a data transfer between the 
device and an external device has been com- 
pleted. With the completion of the data transfer, 
SPIF is set, and if SPIE is set, a serial peripheral 
interrupt (SPI) is generated. During the clock 
cycle that SPIF is being set, a copy of the 
received data byte in the shift register is moved 
to a buffer. When the data register is read, it is 
the buffer that is read. During an overrun condi- 
tion, when the master device has sent several 
bytes of data and the slave device has not 
responded to the first SPIF, only the first byte 
sent is contained in the receiver buffer and all 
■'■ ' othert!>yte^ are lost. 

The transfer of data Is initiated by the master 
device writing its serial peripheral data register. 

Clearing the SPIF bit is accomplished by a soft- 
ware sequence of aeoB^ng Vrm serial periph- 
eral status register while SPIF is set and 
followed by a write to or a read of the serial 
peripheral data register. While SPIF Is set, all 
YoUes \o the serial peripheral data register are 
Inhibited until tlie serial' peripheral status register 
is read. This occurs in the master device. In the 
slave device, SPIF can be cleared (using a simi- 
lar sequence) during a second transmission; 
however, it must t>e cleared tefore the second 
SPIF in order to prevent «n evenruei conditton. 
The SPIF bit is cleared by reset. 

86, WCOL The function of the write collision status bit is to 
notify the user that an attempt was made to write 
the serial peripheral data register while a data 
transfer was taking place with an external 
device. The transfer continues uninterrupted: 
therefore, a write will be unsuccessful. A "read 
collision" will never occur since the received 
data byte is placed in a buffer in which access is 
always synchronous with the MCU operation. If 
a "write collision" occurs, WCOL is set but no 
SPI interrupt is genemtecf: The WCOL bit is a 
status flag only 

Clearing the WCOL bit is accomplished by a 
software sequence of accessing the serial 
peripheral status register while WCOL is set, fol- 
. lowed by 1) a read of the serial peripheral data 

register prior to the SPIF bit being set, or 2) a 
read or write of the serial peripheral data regis- 
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ter after the SPIF bit is set. A write to the serial 
peripheral data register (SPDR) prior to the 
SPIF bit being set, will result in generation of 
another WCOL status flag. Both the SPIF and 
WCOL bits will be cleared in the same 
sequence. If a second transfer has started while 
trying to clear (the previously set) SPIF and 
WCOL bits with a clearing sequence containing 
a write to the serial peripheral data register, only 
the SPIF bit will be cleared. 

A.eoRision of a write to the serial peripheral data 
register while an external data transfer is taking 
place can occur in both the master mode and 
the slave mode, although with proper program- 
xfiji^ th^ master device should have sufficient 
infomiation to preclude this collision. 

Collision in the master device is defined as a 
write of the serial peripheral data register while 
the internal rate clock (SCK) is in the process of 
transfer. The signal on the 83 pin Is always high 
on the master device. 

A collision In a slave device is defined in two 
separate modes. One problem arises in a slave 
device when the CPHA control bit is a logic zero. 
When CPHA is a logic zero, data is latched with 
the occurrence of the first clock transition. The 
slave device does not have any way of knowing 
when that transition will occur; therefore, the 
slave device collision occurs when it attempts to 
write ttte serial peripheral data register after its 
SS pin lias been pulled low. The SS pin of the 
slave device freezes the data in its serial periph- 
eral data register and does not allow tt to be 
altered if the CPHA bit is a lMie zera The mas- 
ter device must raise tfie SS ijMri of the stave 
device high between eki^ 6yte itlran^rs tb the 
slave device. 

Tfie second collision mode is defined for the 
state of the CPHA control bit t)eing a logic one. 
With the CPHA bit set, the slave device will be 
receiving a clock (SCtC) edge prior to the latch of 
the first data transfer. This first clock edge will 
freeze the data in the slave devtee I/O register 
and allow the MSB onto the external MISO pin 
of the slave device. The SS pin k>w state 
enables the slave device but the drive onto the 
MISO pin does not tdke place until the first data 
transfer clodc edge. The WCOL bit will only be 
set if ihe VO register is accessed while a transfer 
is taking place. By definitk>n of the second colli- 
sion mode, a master device might hoM a slave 
device S§ pin low during a transfer of several 
bytes of data without a problem. 

A special case of WCOL occurs in the slave 
device. This happens when the master device 
starts a transfer sequence (an edge on SCK for 
CPHA = 1 ; or an active SS transition for CPHA = 
0) at the same time the slave device CPU is writ- 
ing to its serial peripheral interfaee (Ma register. 



In this case it is assumed that the data byte writ- 
ten (in the slave device serial peripheral inter- 
face) is lost and the contents of the slave device 
read buffer becomes the byte that is transferred. 
Because the master device receives back the 
last byte transmitted, the master dSylDe can 
detect that a fatal WCOL occurred. 

S^ce the slave device Is operating asynchro- 
' , nously with the master device, the WCOL bit 
may be used as an indicator of a collision occur- 
rence. This helps alleviate the user from a strict 
real-time programming ^ipit the VWDOL bit !« 
cleared by reset 

B4,IMOD^ tliefuncHon of the miodiBtault flag is defined for 
the master mode (device). If the device is a 
slave device the MOOF bit will be prevented 
. lifQiQ tiling, fKicD. a logic agio to a togic one; 
however, this d6es not prevent the device from 
being in the slave mode with the MODF bit set. 
The MODP bit is normally a togio zero and is set 
only when the master device has Its SS pin 
pulled low. Toggling the MODF bi to a logic one 
' . «M«8 the Memal aerfat perfpneni inteitace 
(8PI) ^fStem in the following ways: 

1 . MODF is set and SPI interrupt is generated if 

SPIE = 1. 

2. The SPE bit is forced to a logic zero. This 
I,.-;.' e ^ blocks all output drive from the dewce, dis- 

• ab h w the SPI a y tom t ■ 

3. The MSTR bit is forced to a logic zero, thus 
forcing the device into the slave mode. 

Clearing the MODF is accomplished by a soft- 
ware sequence of accessing the serial periph- 
eral status register while MODF is set followed 
by a write to the serial peripheral control regis- 
ter. Control bit SPE and MSTR may be restored 
to their original set state during this cleared 
sequence or after the MODF bit has been 
cleared. Hardware does not allow the user to set 
the SPE and MSTR bit wrtiile MODF is a logic 
one unless it is during the proper clearing 
sequence. The MODF flag bit indicates that 
there might have been a multi-master conflict for 
system control and allows a proper exit from 
system operation to a reset or default system 
sMtB. 1^ MQOF btl Is cfetired by re««. 

Serial Peripheral Data VO Register (SPDR) 
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Serial Peripheral Data I/O Register 



The serial peripheral data I/O register is used to transmit and 
receive data on the serial bus. Only a write to this register 
will initiate transmission/reception of another byte and this 
will only occur in the master device. A slave device writing to 
its data I/O register will not initiate a transmission. At the 
completion of tnnsmitlk^ a byte of data, the SPIF status bit 



is set in both ffie master and stave devices. A write or read of 
tha serteit iiBrtphent data I/O registeri after accessing the 
serial peripheral status register with SPtF set, will clear SPIF. 

During the clock cycle that the SPIF bit is being set, a copy 
of the received data byte in the shift register is being moved 
to a buffer. When the user reads the serial peripheral data 
I/O register, the buffer is actually being read. During an over- 
run condition, when the master device has sent several 
bytes of data and the slave device has not internally 
responded to clear the first SPIF, only the first byte is con- 
tained in the receive buffer of the slave device; all others are 
lost. The user may read the buffer at any time. The first SPIF 
must be cleared by the time a second transfer of data from 
the shift register to the read buffer Is initiated or an overrun 
condition will exist. 

A write to the serial peripheral data I/O register is not buff- 
ered and places data directly into the shift register for trans- 
mission. 

The ability to access the serial peripheral data I/O register is 
limited when a transmission is taking place. It is important to 
read the discussion defining the WCOL and SPIF status bit 
to understand the limits on using the serial peripheral data 
I/O register. 

SERIAL PERIPHERAL IMrERFAGE<Sn) 
SYSTEM CONSIOERAnONS 

There are two types of SPI systems; single master system 
and multi-master systems. Figure 27 illustrates a single 
master system and a discussion of tioth is provided below. 

Figur» 27 illustrates how a typiraii sin^ nnaster system may 
be conf^N^> using a CDP68HC05 fevnily device as the 

master and four COP68HC05 family devices as slaves. As 
shown, the IvIOSI, MISO. and SCK pins are all wired to 
equivalent pins on each of the five devices. The master 
device generates the SCK clock, the slave devices all 
receive it. Since the COP68I-IC05 master device is the bus 
master, it internally controls the function of its MOSI and 
I^ISO lines, thus writing data to the slave devices on the 
MOSI and reading data from the slave devices on the I^ISO 
lines. The master device selects the Individual slave devices 
by using four pins of a parallel port to control the four SS 
pins of the slave devices. A slave device is selected when 
the master device pulls its SS pin low. The SS pins are 
pulled high during reset since the master device ports will be 
forced to be inputs at that time, thus disabling the slave 
devices. Note that the slave devices do not have to be 
enabled in a mutually exclusive fashion except to prevent 
bus contention on the MISO line. For example, three slave 
devices, enabled for a transfer, are permissible if only one 
has the capability of being read by the master. An example 
of this is a write to several display drivers to clear a display 
with a single I/O operation. To ensure that proper data trans- 
mission is occurring kjetween the master device and a slave 
device, the master device may have the slave device 
respond with a previously received data byte (this data byte 
could be inverted or at least be a byte that is different from 
the last one sent by the master devic^). Tfie master dbyiG|9 



will always receive the prevtous t>yte ba^ from the slave 
devk» If all MISO arid MOSI lines are ooonected and the 
staw'hte not wiittenits dtta I/O iiegi^r. Other transmisston 
seeurHjf mettKxite> migMi be«tefined. using poets for hand- 
shake lines or data-bylas with command flelete. 

A multi-masteii^BtiBin nipy also be configured by the user. 
An exchange of master control could be implemented using 
a handshake method through the 1/0 ports or by an 
exchange of code messages through the serial peripheral 
interface system. The major device control that plays a part 
in this system is the MSTR bit in the serial peripheral control 
register and the MODF bit in the serial peripheral status 
register. 

Effects of Stop and Wait Modes on ttie 
Timer and Serial Systsms 

INTRODUCTION 

The STOP and WAIT instructions have different effects on 
th6 progrctmmalie timer, serial communications interface 
(SCI), and serial peripheral ihterfaoe (SPI) systems. These 
difteront eSmiis are diseussenl .separately tielow. 

STOPMbDE 

When the processor exeoites ttie STOP instruction, the 
intenial oscHlator Is tume(l<off. This halts all internal CPU 
proeessing including the operatton of the programmable 
flmen serial communications interface, and serial peripheral 
interface. The only way for the MCU to *wake up" from the 
stop mode is by receipt of an extemal interrupt (logi c low on 
IRQ pin) or by the detection of a reset (logic low on RESET 
pin or a power-on reset). The effects of the stop mode on 
each of the MCU systems (Timer, SCI, and SPI) are 
described separately. 

Timer During Stop Mode 

When the MCU enters the stop mode, the timer counter 
stops counting (the internal processor is stopped) and 
remains at that particular count value until the stop mode Is 
exited by an interrupt (if exited by reset the counter is forced 
to $ FFFC ). If the stop mode is exited by an extemal low on 
the IRQ pin, then the counter resumes from its stopped 
value as if nothing had happened. Another feature of the 
programmable timer, in the slop mode, is that if at least one 
valid input capture edge occurs at the TCAP pin, the input 
capture detect circuitry is armed. This action does not set 
any timer flags or "wake up" the MCU, but when the MCU 
does "wake up" there will t>e an active input capture flag (and 
data) from that first valid edge which occurred during the 
stop mode. I f the sto p mode is exited by an external reset 
(logic low on RESET pin), then no such input capture flag or 
data action takes place even if there was a valid input cap- 
ture edge (at the TCAP pin) during the MCU stop mode. 

SCI During Stop Mode 

When the MCU enters the stop mode, the baud rate genera- 
tor which drives the receiver and transmitter is shut down. 
T1)i$ g^li^tf p{ Spt ap^i^, The roceiver is unable 
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to receive and transmitter is unable to transmit. If the STOP 
instruction is executed during a transmitter transfer, tfiat 
transfer is halted. When the stop mode is exiled, that partic- 
ular transmiss ion r esumes (if the exit is the result of a low 
input to the IRQ pin) . Since the previous transmission 
resumes after an IRQ interrupt stop mode exit, the user 
should ensure that the SCI transmitter is in the idle state 
when the STOP instruction is executed. If the receiver is 
receiving data when the STOP instruction is executed, 
received data sampling is stopped (baud rate generator 
stops) and the rest of the data is lost. For the above reasons, 
all SCI transactions should be In the kUe stttte when the 
STOP instruction Is executed. ' 

SPl During Stop Mode 

When the MCU enters the stop mode, the baud rate generator 
which drives the SPl shuts down. This essentially stops all 
master mode SPl operation, thus the master SPl Is unable to 
transmit <jr receive any data. If the STOP instniction is exe- 
cuted duririg an SPl transfer, that transfer Is halted until the 
MCU exits the stop mod e (provided It IS an e)dt resulting from 
a logic low on the IRQ pin). If the stop mode is Mdted t>y a 
reset, then the appropriate control/status bits are cleared and 
the SPl is disabled. If the device Is in the slave mode when 
the STOP instnjction Is eancuied, the slave SPl wiH still oper- 
ate. It can still accept data and clock informatton la addHian to 
transmitting its own data back to a master devkie. 

At the end of a possible transmission with a slav e SPl in this 
stop mode, no flags are set until a logic tow IRQ Input results 
in jin MCU "wake up'. Caution shpuM be observed When 



operating the SPl (as a slave) during the stop mode because 
none of the protectkvi cbcultry (write coHston, mode fault, 

etc.) Is active. 

It shouM also be noted that when the MCU entera the stop 
mode all enabled output drivers (TDO, TCMP, MISO, MOSI, 
and SCK ports) remain active and any sourdng cunwits 
from ttiese otdputs wall be pwt of tl;e toUdi supply oirrem- 
requhed by the device. ~ ' 

WMTMODE 

When the MCU enters the wait mode, the CPU ck)ck is 
halted. All CPU actton is suspended; however, the timer, 
SCI, and SPl systems remain active. In fact an intemi pt (fo m> 
the time r, SCI, or SPl (In addilioft to a togic k>w on the IRQ or 

RESET pins) causes the processor to exit the wait mode. 
Since the three systems mentkxied above operate as they 
do in the normal mode, only a general discusskjn of ttie wait 
mode is provMed bek>w. 

The wait mode power consumption depends on how many 
systems are active. The power consumption will be highest 
when ail the systems (timer, TCMP, SCI, and SPl) are active. 
The power consumption will be the least when the SCI and 
SPl systems are disabled (timer operatk)n cannot be dis- 
abled in the wait mode), if a non-reset exit from the wait 
mode is performed (i.e., timer overflow interrupt exit), the 
state of the remaining systems will be unchanged. If a reset 
exit from the wait mode is performed all the systems revert 
to the disabled reset state. < 
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8-Bit Microcontroller 



Features 

• Typical Power *■ Operating 17.5mW 

*■ WAIT 8m W 

»■ STOP lOOpW 

• Fully Static Operation 

• On-Chip RAM 96 Bytes 

• On-Chip ROM 2176 Bytes 

• I/O Lines 

> Bidirectional I/O Lines 28 

► Input Only Lines 3 

• Programmable Open Drain Output Lines 12 

• On-Chip Oscillator for Timer 

• Internal 16-Bit Timer 

• Serial Pe riphe ral Interface (SPI) 

• External (IRQ), Timer, Port B and Serial Interrupts 

• Self Check Mode 

• Single 2.SV to 6V Supply (2V Data Retention Mode) 

• RC or Crystal On-Chip Oscillator 

• 8x8 Multiply Instruction 

• True Bit Manipulation 

• Indexed Addressing for Tables 

• Memory Mapped I/O 

General 

The CDP68HC05D2 Microcontroller Unit (MCU) belongs to 
the CDP6805 Family of Microcontrollers. This 8-bit MCU 
contains on-chip oscillator, CPU, RAM, ROM, I/O, and Timer. 
The fully static design allows operation at frequencies down 
to DC, further reducing its already low power consumption. It 
is a low power processor designed for low end to mid range 
applications in the telecommunications, consumer, automo- 
tive and industrial markets where very low power consump- 
tion constitutes an important factor. 

The CDP68HC05D2 is supplied in a 40 lead hermetic dual- 
in-line sidebrazed ceramic pacl^age (D suffix), a 40 lead 



dual-In-line plastic package (E suffix), a 44 lead plastic chip 
carrier (N suffix), and a 44 lea(i metric plastic quad flatpack 
(Q suffix). 

Functional Pift DeseHptions 

Vdd and Vss 

Power is supplied to the MCU ^lese two pins. VDO. Is 
power and VSS is ground. 

N.C. 

The pin labelled N.C. should be left disconnected. 
IRQ (Maskable Interrupt Request) 

IRQ is a programmable option which provides two different 
choices of interrupt triggering sensitivity. These options are: 

1. Negative edge sensitive triggering only, or 

2. Both negative edge sensitive and level sensitive 
triggering. 

In the latter case, either type of input to the IRQ pin will prod- 
uce the interrupt. The MCU completes the current instruction 
before it responds to the interrupt request When the IRQ pin 
goes low for at least one tiLiH. a logic one is latched internally 
to signify that an interrupt has been requested. When the 
MCU completes its current instruction, the interrupt latch is 
tested. If the interrupt latch contains a logic one, and the inter- 
rupt mask bit (1 bit) in the condition code register is clear, the 
MCU then begins the interrupt sequence. If the o ption is se- 
lected to include level sensitive triggering, then the IRQ input 
requires an external resistor to Vdd 'or "wire-OR" operation. 
See the lNTEFifU)PTS InformaHon lor more detail. 



RESET 



The RESET input is not required for startup but can be used 
to reset the MCU internal state and provide an orderly soft- 
ware startup procedure. R^rtothe RESETS Information for 
a detailed description. 
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Fig. 1 — COPe8HC05D2 CMOS mhrocomputer blmkdlagram. 
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TCAP 

The TCAP Input controls the input capture feature for the 
on-chip programmable timer system. Refer to the IMPtIT 
CAPTURE REGISTER section for additional information. 

TCMP 

The TCMP pin (35) provides an output for the output com- 
pare feature of the on-chip timer 5<stem. Rejgr to the OUT- 
PUT COMPARE REGISTEn^^ePori for additloni^M^^^ 
tion. I 

OSC1,OSC2 

The CDP68HC05D2 can be conTigufed to accept either a 
crystal input or an RC network to controfthe tntemal oscil- 
lator. This option is mask selectable. The Internal clocks are 
derived by a divide-by-two of the internal oscillator fre- 
quency (foso). 

CRYSTAL. (CRYSTAL OPTION*) 

The circuit shown in Fig. 2(b) is recommended when using 
a crystal. The internal oscillator is designed to interface 
with an AT-cut parallel resonant quartz crystal resonator in 
the frequency range specified for foso in the control timing 
charts. Use of an external CMOS oscillator is recommended 
when crystals outside the specified ranges are to be used. 
The crystal and components should be mounted as close as 
possible to the input pins to minimize output distortion and 
startup stabilization time. Refer to the Electrical Character- 
istics Table. 



CERAMIC ^IStifHitkYOR (CMvSTAt! OPTtON*) 
A ceramic resonator may be used In place of the crystal in 
cost-sensitive applicatiohS. Th6 Circuit In Fig. 2(b) is 
recommended when using a ceramic resonator. Fig. 2(a) 
lists the recommended capacitance and feedback resistance 
values. The manufacturer of the particular ceramic resonator 
being considered should be consulted for specific In- 
formation. 

RC. (RESISTOR (^lON*) 

If the RC osciltlitor option, is le^ed, then a resistor is 
connected to the oscillator pins as shown in Fig. 2(d). 

EXTERNAL CLOCK. 

An external clock should be applied to the 0SC1 Input with 
the OSC2 input not connected, as shown in Fig. 2(e). An 

external clock may be used with either the RC or crystal oscil- 
lator option, however, the crystal option is recommended to 
reduce loading on the external clock source. The tQXOV °r 
t|LCH specifications do not apply when using an external 
clock input. The equivalent specification of the external clock 
should be used In lieu of tQXOV or t^CH- 

PA0-PA7 

These eight I/O input comprise port A. The state of any pin Is 
software programmable and all port A lines are configured as 
input during power-on or reset. These lines are open drain 
software programmable. Refer to INPUT/OUTPUT PRO- 
GRAMMABLE information below for a distslled description of 
I/O programming. 



* Internal osclllaior input mask opilons 
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(a) Crystal/Ceramic Resonator Parameters 
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(c) Equiyal«nt Crystal Circuit 
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(d) RC Oscillator Connections 
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(e) External Clock Source Connections 
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PB0-PB7 

These eight lines comprise port B. The state of any pin is 
software programmable and all port B lines are configured 
as input during power-on or reset. These lines may be 
configured to generate interrupts. Refer to port B interrupt 
section. Refer to INPUT/OUTPUT PROGRAMMING par- 
agraph below for a detailedr deseription^of I/O program- 
ming. I 

PC0-PC7 

These eight lines comprise port C. The state of any pin is 
software programmable and all port C lines are configured 
98 irrput during power-on or reset. Refer to INPUT/OUT- 
PUT PROGRAMMING paragraph below for a detailed de- 
scription of I/O prografnmjRg. — 

PD0-PD5, PD7 

These seven lines comprise Port D. Four pins (PD2-PD5) 
are Individually programmable as either inputs or outputs. 
PD7 is always an input line. PD0-PD5 lines are set as inputs 
on power-on or reset. The enabled Timer and SPI special 
functions listed below affect the pins on this port. PD0-PD1 
(referred to as TOSC1, TOSC2) are used to control the 
oscillator for the timer in the external clock mode. If the 
external clock mode is not used, these pins are configured 
as inputs only. See sections EXTERNAL TIMER OSCILLA- 
TOR and SPECIAL PURPOSE PORT. MOSI is the SPI Serial 
Data Output (in Master Mode) MISO is the SPI Serial Data 
Input (in Master Mode). SCK is the clock for the SPI (con- 
figured as output in the Master Mode). SS is the Slave Select 
input for the SPI. 

Note: it is recommended that all unused inputs (except 0SC2) and 
I/O ports configured as Inputs be tied to an appropriate logic level 
(e.g. eHher Vm or Vss). 



Parallel I/O 

> 1 . » <■ 

The I/O register section is found in the flr^ 32 bytes of 
memory and includes the following: 

• Three programmable parallel ports (Ports A, B, and C). 

• One port (Port D) with three input lines and four pro- 
grammable lines which share its external pins with Serial 
Peripheral Interface (SPI) and Timer functions. 

The general memory arrangement for each system has a 
control register, followed by a status register, followed by a 
data register. A CPU read of any undefined/unused bits will 
obtain a value of "0". The register assignment may be found 
in Table II. 



Input/Output Programnti^ 
Parallel Ports 

Ports A, B, and C may be programmed as an input or an 
output under software control. The direction of the pins is 
determined by the state of the corresponding bit in the port 
data direction register (DDR). Each 8-bit port has an asso- 
ciated 8-bit data direction register. Any port A, "port B, or 
port C pin is configured as an output if its corresponding 
DDR bit issettoalogic one. A pin is configured as an input if 
its corresponding DDR bit is cleared to a logic zero. At 
power-on or reset all DDRs are cleared, which configure all 
port A, B, and C pins as inputs. The data direction registers 
are capable of being-writtien-'to or raad-by the-proeessor. 



Refer to Fig. 3 and Table I. During the programmed output 
state, a read of the data register actually reads the value of 
the output data latch and not the I/O pin. 

As an option for Port A, the eight Port A outputs (PA0-PA7) 
can be programmed to be open drain outputs when bit in 
the Special Port Control/Status register is set and their DDR 
bits are set. Also, the setting of the "Wired-OR" Mode 
(WOM) bitintheSPI Control Register will cause Port D lines 
2-5 (when programmed as outputs) to be open drain. 



SPECIAL PURPOSE PORT 

Port D contains four individually programmable bi-direc- 
tional lines (PD2-PD5) and three input lines (PDO, PD1, and 
PD7). The direction of the four bi-directional lines is deter- 
mined by the state of the data direction register (DDR). 
Each of these four lines has an associated DDR bit. The 
validity of a port bit is determined by whether the SPI sys- 
tem and external timer oscillator are enabled or disabled. 
When the SPI system is disabled, lines PD2-PD5 behave as 
normal I/O lines and the corresponding DDR bits determine 
whether the lines are inputs or outputs. Lines PDO and PD1 
are inputs when the external timer oscillator is not used. 
However, once the external timer oscillator has been 
enabled, PD1 will become an output-only line until the 
processor is reset. 

A write to bits 0, 1, 6, and 7 of the Port D Data Direction 
Reg ister wi 1 1 have no effect. A read of DDR bits 0, 1 , 6, and 7 

will always return zeros. 

Note: When using the Serial Peripheral interface (SPI), bit 5 of Port 
D is dedicated as the Slave Select (SS) input when the SPI system is 
enabled. In SPI Slave Mode, DDR bit 5 has no meaning or effect. In 
SPI Master Mode, DDR bit 5 determines whether Port D bit 5 is an 
error detect input to the SPI-(0DR M clear) or a general purpose 
output line (DPR bit set). 

For bits 2, 3, and 4 (MISO, MOSI, and SCK), if the SPI is 
enabled and expects the bit to be an input, it will be an input 
regardless of the state of the0OR bit. If the SPI is enabled 
and expects the bit to be an output, it will be an output ONLY 
if the DDR bit is set. 



Memory 

The CDP68I-IC05D2 has a total address space of 81 92 bytes. 
The address map Is shown In Fig. 4. The CDP68HC0SD2 has 
implemented 2550 bytes of the address locations. 

The first 256 bytes of memory (page zero) is comprised of 
the I/O port locations, timer locations, 128 bytes of ROM 
and 98 bytes of RAM. The next 2048 bytes comprise the user 
ROM. The 16 highest address bytes contain the reset and 

interrupt vectors. 

The stack pointer is used to address data stored on the 
stack. Data is stored on the stack during interrupts and 
subroutine calls. At power-up, the stack pointer is set to 
$OOFF and it is decremented as data is pushed on the stack. 
When data is removed from the stack, the stack pointer is 
incremented. A maximum of 64 bytes of RAM is available for 
stack usage. Since most programs use only a small part of 
the allocated stack locations for interrupts and/or subrou- 
tine stacking purposes, the unused bytes are usable for 
program data storage. See Fig. 4 for details on stacking 
order. - 
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Fig. 3 - Typical Parallel Port I/O Circuitry 



Table I - I/O Pin FuncHons 



R/W* 


DDR 


I/O Pin Function 








The I/O pin is in input mode. Data is written into the output data latch. 





1 


Data Is written into the output data latch and output to the I/O pin. 


1 





The state of the I/O pin is read. 


1 


1 


The I/O pin is in an output mode. The output data latch is read. 



is an internal signal. 



COP68HG05D2 



soeiF 

$0020 



SOOBF 
$0OCO 



SOOFF 
$0100 



SIfFF 
S1F00 



SIFDF 
SIFEO 



S1FEF 
S'FFO 



I/O 
32 ByUS 



ROM 
128 ByttI 



RAM 

WByws 



Stack 
64 Bytes 



Uwr 
ROM 
2048 Bytes 



UnuBad 
5632 Bytes 



Sell'Check 
VectofS 



User 
Vectors 
16 Bytes 



0(01 
0032 



0159 
0160 



0191 \ 

0192 , 



0256 



7935 
7936 



8175 
8176 





0000 


Port A Data Register 


$00 


Ports 
8 Bytes 




Port B Data Register 


$01 




Port C Data Register 


$02 


Unused 
2 Bytes 




Pen D Data Register 


S03 




Port A Data Direction Register 


$04 




Port B Data Direction Register 


505 






Port C Data Direction Register 


$06 


Serial Peripheral 




Port D Data Oiraotlon Register 


$07 


Interface 
3 Bytes 




Unused 


SCB 




Unused 


S09 






Serial Peripheral Control Register 


SOA 






U nused 




Serial Penpheral Status Register 


SOB 


5 Bytes 




Serial Peripheral Data I/O Register 


soc 






Unused 


$00 


Timer 




Unused 


SOE 


IC Bvles 




Unused 


$0F 







Unused 


$10 


Unused 2 Bytes 




Unused 


SIl 


Special Port Control/ 
Stat neglllir 




Timer Control Register 


$12 




Timer Status Register 


S13 






input Capture High Register 


$14 


Unused 




Input Capture Low Register 


SIS 


1 Byte 




Output Compare High Register 


S16 




0031 


Output Compare Low Register 


$17 








\ 


Counter High Register 


sis 




\ 


Counter Low Register 


S19 




\ 

\ 

\ 


Alternate Counter High Register 


S1A 




Alternate Counter Low Register . 


SIB 
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Unused 


Sic 




\ 


Unused 


SID 
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- Special Port Control/Stat Register 


$1E 




\ 
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Unused 
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Fig. 4 - Address Map 



Table II — CDP68HC05D2 I/O Registers 
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11 Unueed 


















02 Port C Data 


















12 Timer Control 
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03 Port D Data 


















13 Timer Stalus 
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04 Port A DDR 
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06 Port C DDR 


















16 Compare High 


















07 Port D DDR 
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08 Unused 
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09 Unused 


















19 Counter Low 


















OA SPI Control 
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OB SPI Status 
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IB Dual TM Low 
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IC Unused 


















CD Unused 


















1D Unused 


















OE Unused 


















1E Special Port 
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OF Unused 
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Fig. 5 - Programming model. 
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CPU Registers 

The CDP68HC05D2 CPU contains five registers, as shown 
in the programming model of Fig. 5. The interrupt stacking 
order is shown in Fig. 6. 

Accumulator (A) 

The accumulator is an 8-bit general-purpose register used 
to hold operands, resultsof the arithmetic calculations, and 
data manipulations. 

Index Register (X) 

The X register is an 8-bit register which is used during the 
indexed modes of addressing. It provides an 8-bit value 
which is used to create an effective address. The index 
register is also used for data manipulations with the read- 



modify-write type of instructions and as a temporary stor- 
age register when not performing addressing operations. 

Program Counter (PC) 

The program counter is a 13-bit register that contains the 
address of the next instruction to be executed by ttie 
processor. 

Stacic Pointer (SP) 

The stack pointer is a 1 3-bit register containing the address 
of the next free locations on the push-down/pop-up stack. 
When accessing memory; the seven most significant bits 
are permanently configured to 0000011. These seven bits 
are appended to the six least significant register bits to 
produce an address within the range of $OOFF to $0000. The 



CDP68HC05D2 



stack area of RAM is used to store the return address on 
subroutine calls and the machine state during interrupts. 
During external or power-on reset, and during a reset stack 
pointer (RSP), instruction, the stacl< pointer is set to its 
upper limit ($OOFF). Nested interrupt and/or subroutines 
may use up to 64 (decimal) locations. When the 64 locations 
are exceeded, the stack pointer wraps around and points to 
its upper limit ($OOFF), losing the previously stored Informa- 
tion. A subroutine call occupies two RAM bytes on the 
stack, while an interrupt uses five RAM bytes. 

Condition Code Register (CC) 

The condition code register is a 5-bit register which indi- 
cates the results of the instruction just executed as well as 
the state of the processor. These bits can be individually 
tested by a program and specified action taken as a result of 
their state. Each bit Is explained in the fotiowing para- 
graphs. 

HALF CARRY BIT (H). 

The H bit is set to a one when a carry occurs between bits 3 
and 4 of the ALU during an ADD or ADC instruction. The H 
bit is useful in binary-coded decimal subroutines. 



INTERRUPT MASK BIT (I). 

When the I bit Is set, all Interrupts are disabled. Clearing this 
bit enables the interrupts. If an external interrupt occurs 
while the I bit is set, the interrupt is latched and is processed 
after the I bit is next cleared; therefore, no interrupts are lost 
because of the I bit being set. An internal interrupt can be 
lost if it is cleared while the I bit is set (refer to PROGRAM- 
MABLE TIMER, SERIAL PERIPHERAL INTERFACE, and 
PORT B INTERRUPT sections for more information. 

NEGATIVE (N). 

When set, this bit indicates that the result of the last arith- 
metic, logical, or data manipulation is negative (bit 7 In the 
result is a logic one). 

ZERO(Z). 

When set, this bit indicates that the result of the last arith- 
metic, logical, or data manipulation is zero. 

CARRY/BORROW (C). 

Indicates that a carry or borrow out of the arithmetic logic 
unit (ALU) occurred during the last arithmetic operation. 
This bit is also affected during bit test and branch instruc- 
tions, shifts, and rotates. 
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NOTE: 

1ME RC OKILLATOR OPTION MAY ALSO BE USED IN THIS CIRCUIT 



Fig, 7 - SaU'Chaok Circuit Schemttic Diagram 



CDP68HC05D2 



Self-Check 

The CDP68HC05D2 contains in mask ROM address loca- 
tions $1F00 to $1FEF, a program designed to ctiecl< the 
part's integrity with a minimum of support hardware. The 
self-check capability of the CDP68HC05D2 MCU provides 
an internal check to determine if the device is functional. 
Self-check is performed using the circuit shown in the 
schematic diagram of Fig. 7. As shown in the diagram, port 
C pins PC0-PC3 are monitored (light-emitting diodes are 
shown but other devices could be used) for the self-check 
results. The self-check mode is entered by applying a 9Vdc 
input (through a 4.7 kilohm resistor) to the ITO pin (2), a 
5Vdc input (through a 10-kilohm resistor) to the TCAP pin 
(37), a 5Vdc input (through a 10K resistor) to Port B, bit 2 
(pin 14), and then depressing the reset switch to execute a 
reset. After reset, the following six tests are performed au- 
tomatically: 

I/O — Functionally exercises ports A, B, andC a. 

RAM — Counter test for each RAM byte 

Timer — Tracks counter register and checks OCF flag 

ROM — Exclusive OR with odd ones parity result 

SPI — Transmission test with check for SPIF, WOOL, 

and MODF flags 
INTERRUPTS — Tests external, timer, Port B and SPI 
interrupts. 

Self-check results (using LEDs as monitors) are shown in 
Table III. The following subroutines are available to user 
programs and do not require any external hardware. 



Table III. Self-Check Results 



PC3 


PC2 


PCI 


PCO 


Remarks 










1 


Bad I/O 







1 





Bad RAM 







1 


1 


Bad Timer 




1 








Bad Port D and/or Timer Oscillator 




1 





1 


Bad ROM 




1 


1 





Bad SPI 




1 


1 


1 


Bad Interrupts or IRQ Request 


Flashing 


Good Device 


All Others 


Bad Device, Bad Port C, etc. 



indicates LED on; 1 indicates LED is off. 



TIMER TEST SUBROUTINE 

This subroutine returns with the Z bit cleared if any error is 
detected; otherwise, the Z bit is set. This subroutine is 

called at location $1F0E. The output compare register is 
first set to the current timer state. Because the timer is 
free-running and has only a divide-by-four prescaler, each 
timer count cannot be tested. The test reads the timer once 
every 10 counts (40 cycles) and checks for correct count- 
ing. The test tracks the counter until the timer wraps 
around, triggering the output compare flag in the timer 
status register. RAM locations $00A0 and $0PA1 are over- 
written. Upon return to the user's program, X==40. If the test 
passed, A=0. 

ROM CHECKSUM SUBROUTINE 

This subroutine returns with the Z bit cleared if any error is 
detected; otherwise, the Z bit is set. This subroutine is 
called at location $1F93 with RAM location $00A3 equal to 
$01 and A = 0. A short routine is set up and executed in RAM 



to compute a checksum of the entire ROM pattern. Upon 
return to the user's program, X=0. If the test passed, A=0. 
RAM locations $00A0 through $00A3 are overwritten. 

RESETS 

The CDP68HC05 D2 has t wo re^t modes: an active low 
external reset pin (RESET) and a power-on reset function; 
rater toFig. 8. 

RESET Pin 

The RESET input pin is used to reset the MCU to provide an 
orderly software st artup pr ocedure. When using the exter- 
nal reset mode, the RESET pin must stay low for a minimum 
of one and one-half tc,c. The RESET pin containsan interr^al 
Sch m itt Trigger a? part of ifs input fo improve noise imnnuni- 

Power-On-Reset 

The power-on reset occurs when a positive transition is 
detected on Vdd. The power-on reset is used strictly for 
power turn-on conditions and should not be used to detect 
any drops in the power supply voltage. There is no provision 
for power-down reset. The power-on circuitry provides for a 
delay from the time that the oscillator becefties active Upon 
power-up or when exiting the STOP mode. 

Associated with the mask programmable CPU oscillator 
option in the D2 is a mask option for controlling the timeout 
which occurs at power-on or when exiting the STOP mode. 
The user has a mask option of selecting a 4064 tc»c delay 
"(which is required for the on-chip crystal oscillator) or a 2 cy- 
cle timeout permitftng faster startups with the RC oscillator 
mask option or external oscillator. 

To permit use of an external oscillator with crystal mask 
option and a two cycle delay when exiting from STOP, bit 2 
(DLY) of the Special Port Control/Status Register (memory 
location $001 E), when set, will override the 4064 cycle 
mask-programmable delay and force a two cycle timeout. 
Since this bit is reset at power-on, the power-on delay will 
remain as mask-programmed. 

If the external RESET pin is low at the end of the delay 
tim eout, the processor remains in the reset condition until 
the RESET goes high. Table IV shows the actions of the two 
resets on internal circuits, but not necessarily in order of 
occurrence. 

Interrupts 

Systems often require that normal processing be interrupt- 
ed so that some external event may be serviced. The 
CDP68HC05D2 may be interrupted by one of five different 
meth ods: either one of four maskable hardware interrupts 
(IRQ, SPI, PBINT, or Timer) and one non-maskable soft- 
ware interrupt (SWI). Interrupts such as Timer and SPI have 
several flags which will cause the interrupt. Generally, inter- 
rupt flags are located in read-only status registers, while 
their equivalent enable bits are located in associated con- 
trol registers. If the enable bit is a logic zero it blocks the 
interrupt from occurring but does not inhibit the flag from 
being set. Reset clears all enable bits to preclude interrupts 
during the reset procedure. 

The general sequence for clearing an interrupt is a software 
sequence of first accessing the status register while the 
interrupt flag is set, followed by a read or write of an asso- 
ciated register. When any of these interrupts occur, and if 
the enable bit Is a logic one, normal processing is sus- 
pended at the end of the current instruction execution. 
Interrupts cause the processor registers to be saved on the 
stack (see Fig. 6) and the interrupt mask (I bit) set to prevent 
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* INTERNAL TIMING SIGNAL AND BUS INFORMATION NOT AVAILABLE EXTERNALLY. 

0SC1 LINE IS NOT MEANT TO REPRESENT FREQUENCY IT IS ONLY USED TO REPRESENT 

TIME. 

* THE NEX T RISIN G EDGE OF THE INTERNAL PROCESSOR CLOCK FOLLOWING THE RISING 
EDGE OF RESET INITIATES THE RESET SEQUENCE. 

■)H(M-M- DELAY IS MASK PROGRAMMABLE. (REFER TO THE SECTION DKCmBINQ POWER-ON-RESET IN THE RESETS 
INFORMATION OF THIS DATA SHEET). 

Fig. 8 - PowBr-On Rosot and RESET 
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Table IV. Reset Action on Internal Circuit 



Condition 



Timer Prescaler reset to zero state 

Timer counter configured to $FFFC 

Timer output compare (TCMP) bit reset to zero 

All timer Interrupt enable bits cleared (ICIE, OCIE, and TOIE) to disable timer interrupts. 

The OLVL timer bit is also cleared by reset. 
All data direction registers cleared t&szero (input) 
Configure stack pointer to $O0FF 

Force internal address bus to restart vector ($1FFE-$1FFF) 

Set I bit in condition code register to a logic one 

Clear STOP latch* 

Clear external interrupt latch 

Clear WAIT latch 

Disable SPI (serial output enable control bit SPE=0). Other SPI bits cleared by reset include: 

SPIE, MSTR, SPIF, WOOL, and MODF'.. . , , 

Clear serial interrupt enable bit 
Place SPI system in slave mode (MSTR=0) 
External timer oscillator disabled and 

CPU oscliiator connected to'tiitiei' ' ' . ' 

Reset Port B interrupt enable 
DWOM bit reset 
PAOD bit reset 

Reset DLY bit in special control/status register 



'Indicates that timeout still occurs with RESET pin 
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additional interrupts. Ttie appropriate interrupt vector then 
points to the starting address of the interrupt service routine 
(refer to Fig. 4 for vector location). Upon completion of the 

interrupt service routine, the RTI instruction (which is nor- 
mally a part of the service routine) causes the register con- 
tents to be recovered from the stacl< followed by a return to 
normal processing. The stack order is shown in Fig. 6. 



Note: The interrupt mask bit (I bit) will be cleared upon returning 
from the interrupt if and only if the corresponding bit stored in the 
stack is zero. The priority of the various interrupts is as follows 
(highest priority to lowest priority: 

RESET - * - EXT INT - TIMER - SPI - Port B 

'is any instruction or the £>Wl ser^ce routine. 

A discussion of interrupts, plus a table listing vector addresses for 
all interrupts including reset, in the CDP68HC0SD2 is provided in 
Table V. 



Table V. Vector Address for Interrupis and Reset 





Flag 




CPU 


Vector 


Register 


Name 


Interrupts 


Interrupt 


Address 


N/A 


N/A 


Reset 


RESET 


$1FFE-$1FFF 


N/A 


N/A 


Software 


SWI 


$1FFC-$1FFD 


N/A 


N/A 


External Interrupt 


IRQ 


$1FFA-$1FFB 


Time'r Status 


ICF 


Input Capture 


TIMER 


|TFF8-$1FF9 




OCF 


Output Compare 








TOF 


Timer Overflow 






SPj Status 


SPIF 


Transfer Complete 


SPI 


$1FF4-$1FF5 




MODF 


Mode Fault 






Special 










Port c/s 


PBIF 


Port B 


PB 


$1FF2-$1FF3 



Hardware Controlled Interr upt Seq uence 

The following three functions (RESET, STOP, and WAIT) 
are not In the strictest sense an interrupt; however, they are 
acted upon in a similar manner. Flowcharts for hardware 
interrupts are shown in Fig. 9, and for STOP and WAIT are 
provided in Fig. 10. A discussion is provided below: 

• A low Input on the RESET input pin causes the program to 
vector to its starting address which is specified by the 
contents of memory locations $1FFE and $1FFF. The I bit 
in the condition code register is also set. Much of the 
MCU is configured to a known state during this type of 
reset as previously described in the RESET paragraph. 

• STOP — The STOP instruction causes the oscillatorto be 
turned off and the processor to "sleep" until an external 
interrupt (IRQ), Port B interru pt.Tim er interrupt (if using 
an external timer clock), or RESET occurs. 

• WAIT — The WAIT instruction causes all processor 
clocks to stop, but leaves the Timer and SPI clocks run- 
ning. This "rest" state of the p roce ssor can be cleared by 
reset, an external interrupt (IRQ), Timer interrupt, SPI 
interrupt, or Port B interrupt. There are no special wait 
vectors for these individual interrupts. 



Software Interrupt (SWI) 

The software interrupt is an executable instruction. The 
action of the SWI instruction is similar to the hardware 
interrupts. The SWI is executed regardless of the state of 
the interrupt mask (I bit) in the condition code register. The 
interrupt service routine address is specified by the con- 
tents of memoiy location $1FFC and $1FFD. 

External Interrupt 

If the interrupt mask (I bit) of the condition co de r egister has 
been cleared and the external interrupt pin (IRQ) has gone 
low, then the external interrupt is recognized. When the 
interrupt is recognized, the current state of the CPU is 
pushed onto the stack and the I bit is set. This masks further 
interrupts until the present one is serviced. The interrupt 
service routine address is specified by the content of memo- 
ry l6cation $1FFA and $1FFB. Either a level-sensitive and 
negative edge-sensitive trigger, or a negative edge-sensi- 
tive only trigger are available as a mask option. Fig. 11 
shows both a functional and mode timing diagram for the 
interrupt line. The timing dia gram shows two different 
treatments of the interrupt line (IRQ) to the processor. The 
first method^^n^wss. sitigle pulses on the interrupt line 
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spaced far enough apart to be serviced. The minimum time 
between pulses Is a function of the number of cycles re- 
quired to execute the Interrupt service routine plus 21 cy- 
cles. Once a pulse occurs, the next pulse should not occur 
until the MCU software has exited the routine (an RT! oc- 
curs). The second configuration shows several interrupt 
lines "wire-ORed" to form the interrupts at the processor. 



Thus, if after servicing one interrupt the interrupt line re- 
mains low, then the next interrupt is recognized. 

Note: The internal interrupt latch Is cleared in the first part of the 
service routine, therefore, one (and only one) external interrupt 
pulse could be latched during tiuL and serviced as soon as the I bit is 
cleared. 
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Fig. 9 - Hardware Interrupt Flowchart 
2-65 
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Timer Interrupt 

There are three different tinner interrupt flags that will cause 
a timer interrupt whenever they are set and enabled. These 
three interrupt flags are found in the three most significant 
bits of the timer status register (TSR, location $13) and all 
three will vector to the same interrupt service routine 
($1 FF8-$1 FF9). The three timer interrupt conditions are 
timer overflow, output compare, and input capture. 

All interrupt flags have corresponding enable bits (ICiE, 
OCIE, and TOIE) in the timer control register (TCR, loca- 
tion $12). Reset clears all enable bits, thus preventing an 
Interrupt from occurring during the reset period. The actual 
processor interrupt is generated only if the I bit in the condi- 
tion code register is also cleared. When the Interrupt Is 
recognized, the current machine state Is pushed onto the 
stack and I bit Is set. This masl(s further Interrupts until the 
present one is serviced. The interrupt service routine ad- 
dress Is specified by the contents of memory location $1 FF8 



and $1 FF9. The general sequence for clearing an interrupt 
is a software sequence of accessing the status register 
while the flag is set, followed by a read or write of an 
associated register. Refer to the PROGRAMMABLE TIMER 
section for additional information about the timer circuitry. 

Serial Peripheral Interface (SPI) Interrupts 

An interrupt in the serial peripheral interface (SPI) occurs 
when one of the interrupt flag bits in the serial peripheral 
status register (Location $0B) is set, provided the I bit in the 
condition code register is clear and the enable bit in the 
serial peripheral control register (location $0A) is enabled. 
When the interrupt is recognized, the current state of the 
machine is pushed onto the stack and the I bit In the condi- 
tion code register Is set. This masks further Interrupts until 
the present one is serviced. The SPI Interrupt causes the 
program counter to vector to memory location $1 FF4 and 
$1 FFS which contains the starting address of the interrupt 
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(a) Interrupt Function Diagram 
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Edge-Sensitive Trigger Condition 

The minimum pulse width (Iilih) is 
either 1 25 ns ( Vdd = 5 V) or 250 ns ( Voo 
= 3 V). The period tiLiL should not be 
less than the number of teye cycles it 
takes to execute the interrupt service 
routine plus 21 tcyc cycles. 

Laval-Seiwlllve Trigger Condition 
If after servicing an interrupt the IRP 
remains iow, then the rwxt ihliHr^i^is 
recognized. 



(b) interrupt Mode Diagram 
Fig. 11 - External Interrupt 



service routine. Software in the serial peripheral interrupt 
service routine must determine the priority and cause of the 
SPI interrupt by examining the interrupt flag bits located in 
the SPI status register. The general sequence for clearing 
an interrupt Is a software sequence of accessing the status 
register while the flag is set, followed by a read or write of an 
associated register. Refer to SERIAL PERIPHERAL INTER- 
FACE section for a description of the SPI system and its 
interrupts. 



Port B Interrupt 

A Port B interrupt will occur when any one of the eight port 
lines (PB0-PB7) is pulled to a low level, provided the inter- 
rupt mask bit of the condition code register is clear and the 
enable bit (Bit 1 ) in the Special Port control register (Memo- 
ry location $001 E) is enabled. Before enabling Port B inter- 
rupts, PBO through PB7 should be programmed as inputs, 
^eireormsponding O0Rirl*to<iniHit1»a& 
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A Port B interrupt will set the Port B interrupt flag (PBIF) 
located in ttie Special Port Control/Status register (bit 7), 
cause the current state of the machine to be pushed onto 
the stack, and set the 1-bit in the condition code register. 
This masks further interrupts until the present one is ser- 
viced. The Port B interrupt causes the Program Counterto 
vectorto memory locations$1 FF2 and $1 FF3 which contain 
the starting addressoftheinterruptservice routine. Toclear 
a Port B interrupt, ^he u|er must. read, the Special Port 
Control/Status I'egi^teHolKiiwed by a read of Port B. 

The purpose of this interrupt is to provide easy use of the 
PB0-PB7 lines as sensor inputs, such as in keyboard scan- 
ning. For systems where the keyboard response is not inter- 
rupt driven, this interrupt can be disabled. Programming 
any of these lines as outputs inhibits them from generating 
an Interrupt. t ; 

Port B interrupts will cause an exit from the stop mc^e 
provided that the Port B interrupt enable bit isset. Po^JS 
interrupt vector is located at J1FF?j, $1Ff;3- 
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STOP Instruction 

The STOP instruction places the CDP68HC05D2 in its low- 
est power consumption mode. In the STOP mode the inte- 
nal oscillator is turned off, causing all internal processing to 
be halted; referto Fig. 1 0. During the STOP mode, the I bit in 
the condition code register is cleared to enable external 
interrupts. All other registers and memory remain unaltered 
and all input/output lines remain unc hanged. This con- 
tinues until an external interrupt (IRQ), port B interrupt, 
external timer oscillator interrupt, or reset is sensed, at 
which time the internal oscillator is turned on. These inter- 
rupts cause the program counter to vector to their respec- 
tive interrupt vector locations ($1FFA and $1FFB, $1FF2 
and $1FF3, $1FF8 and $1FF9, and $1FFE and $1FFF, re- 
spectively) which contain the starting addresses of the in- 
terrupt service routines. 



WAIT Instruction 

The WAIT instruction places the CDP68HC05D2 in a low 
power consumption mode, but the WAIT mode consumes 
somewhat more power than the STOP mode. In the WAIT 
mode, the internal clock remains active, and all CPU pro- 
cessing is stopped; however, the programmable timer and 
serial peripheral interface systems remain active. Refer to 
Fig. 10. During the WAIT mode, the I bit in the condition 
code register is cleared to enable ail interrupts. All other 
registers and memory remain unaltered and all parallel in- 
put/output lines remain unchanged. This continues until 
any interrupt or reset is sensed. At this time the program 
counter vectors to the memory location ($1FF2 through 
$1 FFF) which contains the starting address of the interrupt 
or reset service routine. 

Data Retention Mode 

The contents of RAM and CPU registers are retained at 
supply voltages as low as 2 Vdc. This is referred to as the 
data retention mode, where the data is held, but the device 
Is not guaranteed to op^;«tte. 



Fig. 12 - Keyboard interface. 



PROGRAMMABLE TIMER 



The programmable timer, which is preceded by a fixed 
divide-by-four prescaler, can be used for many purposes, 
including input waveform measurements while simultane- 
ously generating an output waveform. Pulse widths can 
vary from several microseconds to many seconds. A block 
diagramof the timer is shown in Fig. 15 and timing diagrams 
are shown in Figs. 16 through 19. 

Because the timer has a 16-bit architecture, each specific 
functional segment (capability) is represented by two regis- 
ters. These registers contain the high and low byte of that 
functional segment. Generally, accessing the low byte of a 
specific timer function allows full control of that function; 
however, an access of the high byte inhibits that specific 
timer function until the low byte is also accessed. 

Note: The I bit in the condition code register should be set while 
manipulating both the high and low byte register of a specific timer 
function to ensure that an interrupt does not oeeuf. Thisptevents 
interrupts from occuriiing liet«i«en {lMtjmettUit<lieMghfiiiEl low 
bytes are accessed. 



The programmable timer capabilities are provided by using 
the following ten addressable 8-bit registers (note the high 
and low represent the significance of the byte). A descrip- 
tion of each register is provided in the following pages. 

Timer Control Register (TCR) location $12, 
Timer Status Register (TSR) location $13, 
Input Capture High Register location $14, 
Input Capture Low Register location $15, 
Output Compare High Register location $16, 
Output Compare Low Register location $17, 
Counter High Register location $18, 
Counter Low Register location $19, 
Alternate Counter High Register location $1A, and 
Alternate Counter Low Register location $1 B. 

External Timer Oscillator 

In addition to clocking the CDP68HC05D2's internal 16-bit 
timer with the CPU clock, a separate oscillator circuit may 
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be used by connecting an RC or crystal circuit to pins 29 
and 30 (TOSC1 and TOSC2). The circuits shown in Figs. 
13(b) and 13(c) are recommended when using a crystal. 
This oscillator is designed to interface with an AT-cut paral- 
lel resonant quartz crystal resonator in the frequency range 
specified for ftosc in the Control Timing Tables at the end of 
this specification. See Fig. 13(a) for the RC circuit. 

When not using the external timer oscillator feature these 
pins function as input lines. However, once the external 
timer oscillator has been enabled, PD1 will become an out- 
put only line until the processor is reset. 

The EOE (External Oscillator Enable bit 4) and ECC (Exter- 
nal Clock Connect bit 3) bits In the Timer Control Register 
control the external timer oscillator. If bit 3 (ECC) in the 
timer control register is set, the Internal clock Input to the 
timer is disabled and the clock to the timer is connected to 
the external timer oscillator. This clock can be either a 
crystal or RC oscillator. Since this mode of operation per- 
mits the timer to continue running when the CPU is in the 
stop mode, timer Interrupts, if enabled, will still occur and 
can be used to exit from the stop mode. Fig. 14 shows the 
timer oscillator controls. The frequency of the external os- 
cillator must be less than one-quarter the CPU o^ttlatpr 
frequency. 



The procedures for using this circuit are: 

• Crystal Oscillator Operation — First set the EOE bit to 
start the crystal palliating. When oscillation has stabi- 
lized, the EdC bit csn be set to begin clocking the timer 
with the miV&rmy ttmer- oscillator. This time delay may 
vary depending upon crystal frequency and manufac- 
turer. 

• RC Oscillator Operation — When it is desired to clock the 
timer from an RC timer oscillator, set both the EOE and 
the ECC bits at the same time In order to keep power 
consumption minimal. 

• No external timer oscillator being used — If the EOE bit is 
never set, the oscillator will remain in its high impedance 
state allowing its pjns to be used as PDO and PD1 input 
lines. In this case, these pins function as ndrmal inputs 
and should not be left floating. 

• Timer Oscillator used for event counting — Set both the 
EOE and ECC bits and drive the timer oscillator input pin 
with the event signal which is to be counted. If EOE 
remains reset and only ECC is set, the event signal can be 
connected to the timer oscillator outpu(i>in, and the Input 
can be used as a Port D input line. 



Fig. 13- External Timer Oscillator Conrteotiona 

(a) r6 OseUkt^ :^mri»»^l^in 



copesHcosoz 





CDPS8HCOS02 



39pF 



I WV- 

10 Mil 




•2CS-394t4 



(b) Crystal Oscillator emimctloris tor Crystal speeds above (c) Crystal Oscillator conr)ections for crystal speeds below 
approx. 400 KHz. The Ctn M C«,i values may vary depend- approx. 400 KHz. The Cm, Ci and fli values shown work well 
imB*ipofj0i/^m manufacturer. fof nwst 32, 768 KHz crystals; however, sizes may vary de- 

pm^tffttpoif&yatal frequency and manufacturer. 
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Flg^ 15 - Programmable Timar Block Diagram 
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Fig. 16 - Timer State Timing Diagram For Reaet 
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Counter 

The key element in the programmable timer is a 16-bit 
free-running counter, or counter register, preceded by a 
prescaler which divides the internal processor clock by 
four. The prescaler gives the timer a resolution of 2,0 micro- 
seconds if the internal processor clock is 2,0 MHz, The 
counter is clocked to increasing values during the low por- 
tion of the internal processor clock. Software can read the 
counter at any time without affecting its value. 

The double-byte free-running counter can be read from 
either of two locations $18-$19 (called counter register at 
this location), or$1A-$1B (counter alternate register at this 
location). A read sequence containing only a read of the 
least significant byte of the free-running counter ($19, $1 B) 
will receive the count value at the time of the read. If a read 
of the free-running counter or counter alternate register 
first addresses the most significant byte ($18, $1 A) it causes 
the least significant byte ($19, $18) to be transferred to a 
buffer. This buffer value remains fixed after the first most 
significant byte "read" even if the user reads the most signif- 
icant byte several times. This buffer is accessed when read- 
ing the free-running counter or counter alternate register 
least significant byte ($19 or $1B), and thus completes a 
read sequence of the total counter value. Note that in read- 
ing either the free-running counter or counter alternate 
register, if the most significant byte is read, the least signifi- 
cant byte must also be read In order to complete the se- 
quence 

The free-running counter is configured to $FFFC during 
reset and is always a read-only register. During a power-on- 
reset (POR). the counter is also configured to $FFFC and 
begins running after the oscillator startup delay. Because 
the free-running counter is 16 bits preceded by a fixed 
divide-by-four prescaler, the value in the free-running 
counter repeats, Avery 1262,144 MPU internal processor 
clock cycles. When the counter rolls over from $FFFF to 
$0000, the timer overflow flag (TOF) bit is set. An jn^ermpt 
can also be enabled when counter rollover occurs ttyset- 
ting its interrupt enable bit (TOIE). 

vX>utput Compare Register 

The output compare register is a 16-bit register, which is 
made up of two 8-bit registers at locations $1 6 (most signifi- 
cant byte) and $17 (least significant byte). The output com- 
pare register can be used for several purposes, such as, 
controlling an output waveform or indicating when a period 
of time has elapsed. The output compare register is unique 
in that all bits are readable and writeableand are not altered 
by the timer hardware. Reset does not affect the contents of 
this register and if the compare function is not utilized, the 
two bytes of the output compare register can be used as 
storage locations. 

The contents of the output compare register are compared 
with the contents of the free-running counter once during 
every four internal processor clocks. If amatch isfound.the 
corresponding output compare flag (OCF) bit Is set and the 
corresponding output level (OLVL) bit is clocked (by the 
output compare circuit pulse) to an output level register. 
The values in the output compare register and the output 
level bit should be changed after each successful compari- 
son in order to control an output waveform or establish a 
new elapsed timeout. An interrupt can also accompany a 
successful output compare provided the corresponding in- 
terrupt enable bit, OCIE, is set. 

After a processor write cycle to the output compare register 
containing the most significant byte ($16), the output com- 



pare function is inhibited until the least significant byte 
($17) is also written. The user must write both bytes (loca- 
tions) if the most significant byte is written first. A write 
made only to the least significant byte ($1 7) will not Inhibit 
the bomtaare function, Thefree-runntng counter is' updated 
every four internal procssse^r ctock cyci^ due to the inter- 
nal prescaler. The minimum time required to update the 
output compare register is a function of the software pro- 
gram rather than the internal program. 

A processor write may be made to either byte of the output 
compare register without affecting the other byte. The out- 
put level (OLVL) bit is clocked to the output level register 
regardless of whether the output compare flag (OCF) is set 
or clear. 

Because neither the output compare flag (OCF bit) nor 
output compare register Is affected,by reset, care must be 
exercised when initializing the output compare function 
with software. The following procedure is recommended: 

(1) Write the high byte of the output compare register to 
inhibit further compares until the low byte is written. 

(2) Read the timer status register to arm the OCF if it is 

already set. 

(3) Write the output compare register low byte to enable 
the output compare function with the flag clear 

The advantage of this procedure is to prevent the OCF bit 
from being set between the time it is read and the write to 
the output compare register A software example is shown 
below. 

B7 16 STA OCH4PHI INHIBIT OUTPUT COMPARE 

B6 13 LDA TSTAT ARM OCF BIT IF SET 

BF 17 SIX ISGMI^[>- READY FOR NEXT COMPARE 



Input Capture Register 

The two 8-bit registers which make up the 16-bit injiut 
capture register are read-only and are used to latch the 
Value of the free-running counter after a defined transition 
' iVsensed'by the corresponding input capture edge detec- 
tor. The level transition which triggers the counter transfer 
is defined by the corresponding input edge bit (lEDG). 
Reset does not affect the contents of the input capture 
register. 

The result obtained by an input capture will be one more 
than the value of the tree-running counter on the rising 
edge of the internal processor clock preceding the external 
transition (refer to timing diagram shown in Fig. 17). This 
delay is required for external synchronization. Resolution is 
affected by the prescaler allowing the timer to only incre- 
ment every four internal processor clock cycles. 

The free-running counter contents are transferred to the 
input capture register on each proper signal transition re- 
gardless of whether the input capture flag (IGF) is set or 
clear. The input capture register always contains the free- 
running counter value which corresponds to the most re- 
cent input capture. 

After a read of the most significant byteof the input capture 
register ($14), counter transfer is inhibited until the least 
significant byte ($15) of the input capture register is also 
read. This characteristic forces the minimum pulse period 
attainable to be determined by the time used in the capture 
software routine and its interaction with the main program. 
A polling routine using instructions such as BRSET, BRA, 
LDA, STA, INCX, CMPX, and BEG might take 34 machine 
cycles to complete. The free-running counter increments 
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transter. Again, minimum pulse periods are ones which 
allow software to read the least significant byte ($15) and 
perforin the needed operations. There is no conflict be- 
tween the read of the Input capture register and the free- 
running counter since they occur on opposite edges of the 
internal processor clock. 

Timer Control Register (TCR) 

The timer control register (TCR, location $12) is an 8-bit 
read/write register which contains seven control bits. Three 
of these bits control interrupts associated with each of the 
three flag bits found in the timer status register (discussed 
below). The other four bits control: 1 ) which edge issignif i- 
cant to the input capture edge detector (i.e., negative or 
positive), 2) the next value to be clocked to the output level 
register in response to a successful output compare, 3) the 
source of the timer clock, and 4) whether the external timer 
oscillator is enabled. The timer control register and the 
free-running counter are the only sections of the timer af- 
fected by reset. The TCMP pin is forced low during external 
reset and stays low until a valid compare changes it to a 
high. The timer control register.^illiw^^twlj^loiw fallowed 
by a definition of each bit. 
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B7, ICIE lftheinputcaptureinterruptenable(ICIE)bitis 
- . J J set, a timer interrupt is enabled when the ICF 
status flag (in the timer status register) is set. If 
the ICIE bit is clear, the interrupt is inhibited. 
The ICIE bit is cleared by reset. 

86, OCIE If the output compare interrupt enable (OCIE) 
bit is set, a timer interrupt is enabled whenever 
the OCF status flag iaset. If the OCIE bit i«i ctear, 
the interrupt isinhibited.TheOCIEbitisclfMBd 
by reset. 

B5,TOiE If tt«e timer overflow Interrupt enable (TOIE) bit 
is set, a timer interrupt is enabled whenever the 
TOP status flag (in the timer status register) is 
set. If the TOIE bit is clear, the interrupt is inhib- 
ited. The TOIE bit is cleared by reset. 

B4, EOE External Oscillator Enable — If set, the external 
timer oscillator is enabled. If it is then cleared, 
the inverter between pins 29 and 30 is prevented 
from switching and cannot be used in a crystal 
or RG oscillator. This bit is cleared by reset 
which configures both TOSC1 and TOSC2 as 
inputs. 

B3, ECC If the external clock connect (ECC) is set, the 
internal clock input to the timer is disabled and 
the timer oscillator is connected to the input to 
the timer. It is cleared by reset. Accuracy of the 
timer count is not guaranteed while this bit is 
switched. 

B1, lEOG The value of the input edge (lEDG) bit deter- 
mines which level transition on pin 37 will 
trigger a free-running counter transfer to the 
input capture register. Reset clears the lEOG 
bit. 

= negative edge 

1 = positive edge 



pin 35. This bit and the output level register are 
cleared by reset. 

= low output 

1 = high output 

Timer Status Register (TSR) 

The timer status register (TSR) is an 8-bit register of Which 
the three most significant bits contain read-only status in- 
formation. These three bits indicate the following: 

1. A proper transition has taken place at pin 37 with an 
accompanying transfer of the free-running counter con- 
tents to the intput capture register, 

2. A match has been found between the free-running coun- 
ter and the output compare register, and 

3. A free-running counter transition from $FFFF to $0000 
has been sensed (timer overflow) 

The timer status register is illustrated below followed by a 
definition of each bit. Refer to timing diagrams shown in 
Fig. 16, 17, and 18 for timing relationship to the timer status 
register bits. 
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B7, ICF The input capture flag (ICF) is set when a proper 
edge has been sensed by the input capture edge 
detector. It is cleared by a processor read of the 
timer status register (with ICF set) followed by 
reading the low byte ($15) of the input capture 
register. Reset does not affect tlie input com- 
pare flag. 

B^OiCF The output compare flag (OCF) is set when the 
output compare register contents matches the 
contents of the free-running counter. The OCF 
is cleared by reading the timer status register 
(with the OCF set) and then writing to the low 
byte ($1 7) of the output compare register. Reset 
cNn not affect the output compare flag. 

B5, TOF The timer overflow flag (TOF) bit is set by a 
transition of the free-running counter from 
$FFFF to $0000. It is cleared by reading the 
timer status register (with TOF set) followed by 
a read of the free-running counter least signifi- 
cant byte ($19). Reset does not affect the TOF 
bit. 

Reading the timer status register satisfies the first condition 
required to clear any status bits which happened to be set 
during the access. The only remaining step is to provide an 
access of the register which is associated with the status bit. 
Typically, this presents no problem for the input capture 
and output compare functions. 

A problem can occur when using the timer overflow func- 
tion and reading the tree-running counter at random times 
to measure an elapsed time. Without incorporating the 
proper precautions into software, the timer overflow flag 
could unintentionally be cleared if: 1) the timer status regis- 
ter is read when TOP is set, and 2) the least significant byte 
of the free-running counter is read but not for the purpose 
of servicing the flag. The counter alternate register at 
address $1A and $1B contains the same value as the free- 
running counter (at address $18 and $19); therefore, this 
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alternate register can be read at any time without affecting 
the timer overflow flag In the timer status register. 

During STOP and WAIT instructions, the programmable 
timer functions as follows if using the CPU clock: during the 
wait mode, the timer continues to operate normally and may 
generate an interrupt to trigger the CPU out of the wait 



state; during the stop mode, the timer holds at its current 
state, retaining all data, and resumes operation from this 
point when an external interrupt Is received. If using an 
external timer oscillatorthe timer will continue to count and 
generate Interrupts. 



Serial PeripTfiril InlerfeK^ (SPI) 



The Serial Peripheral Interface (SPI) is a four wire syn- 
chronous serial communication system with separate 
wires for input data, output data, clock and slave select. A 
master MCU, which produces the clocking signal, initiates 
the exchange of data bytes with a slave MCU or peripheral 
device such as an LCD display driver or an A/D converter. 
A diagram of the control, status, and data registers may be 
found In the section labelled "Registers". The SPI system 
registers are found at addresses $OOOA-$OOOC. The SPI 
output drivers may be switched off to allow the user ac- 
cess to external pins for use as parallel inputs to Port D. 
Upon power-up or reset the SPI output drivers will be 
initialized in the off state. The serial system enable bit 
which controls the output drivers and other functional 
Inhibits is the SPE bit found in the serial control register. 

Fig. 20 illustrates two different system configurations. Fig. 
20a represents a system of five different MCUs in which 
there are one master and four slaves (0, 1, 2, 3). In this 
system four basic lines (signals) are required forthe MOSI 
(master out, slave in), MISO (master in, slave out), SCK 
(serial clock), and SS (slave select) lines. Fig. 20b repre- 
sents a system of three MCUs in which each MCU is 
capable of being a master or a slave. The SPI interface Is 
well-suited for multiprocessor communications. 

Features 

• Full duplex, three-wire synchronous transfers 

• Master or slave operation 

• 1.05 MHz (maximum) master bit frequency 

• 2.1 MHz (maximum) slave bit frequency 

• Four programmable master bit rates 

• Programmable clock polarity and phase 

• End of transmission interrupt flag 

• Write collision flag protection 

• Master-Master mode fault protection capability 

Signal Description 

The four basic signals (MOSI, MISO, SCK, and S5) dis- 
cussed above are described in the following paragraphs. 
Each signal function is described for both the master and 

slave mode. 

Master Out Slave In (MOSI) 

The MOSI pin is configured as a data output in a master 
(mode) device and as a data input in a slave (mode) device. 
In this manner data is transferred serially from a master to 
a slave on this line; most significant bit first, least signifi- 
cant bit last. The timing diagrams of Fig. 21 summarize the 
SPI timing diagram and show the relationship between 
data and clock (SCK). As shown in Fig. 21 four possible 
timing relationships may be chosen by using control bits 
CPOL and CPHA. The master device always allows data to 
be applied on the MOSI line a half-cycle before the clock 
edge (SCK) in order for the slave device to latch the data. 



: Both the slave dev{ce(s) and a master device must be pro- 
grammed to similar timing modes for proper data transfer. 



When the master device transmits data to a second (slave) 
device via the MOSI line, the slave device responds by send- 
ing data to the master device via the MISO line. This implies 
full duplex transmission with both data out and data in syn- 
chronized with the same clock signal (one which Is provided 
by the master device). Thus, the byte transmitted Is replaced 
by the byte received and eliminates the need for separate 
transmit-empty and receiver-full status bits. A single status 
bit (SPIF) is used to signify that the I/O operation is complete. 

Configuration of the MOSI pin is a function of the MSTR 
bit in the serial peripheral control register (SPCR, loction 
$0A). Setting the MSTR bit will place the device in the 
Master mode and cause the MOSI pin to be an output. 

Note: The Port D Data Direction Register bit 3 must be set for the 
t^C^lipin to transfer ;d4<> in.tbe Master mode. 



Master In Slave Out (MISO) 

The MISO pin is configured as an input in a master (mode) 
device and as an output in a slave (mode) device. In this 
manner data Is transferred serially from a slave to a master 
on this line; most significant bit first, least significant bit 
last. The MISO pin of a slave device is placed in the high- 
Impedance state if it is not selected by the master; i.e., its 
S5 pin is a logic one. The timing diagram of Fig. 21 shows 
the relationship between data and clock (SCK). As shown 
in Fig. 21, four possible timing relationships may be 
chosen by using control bits CPOL and CPHA. The master 
device always allows data to be applied on the MOSI line a 
half-cycle before the clock edge (SCK) In order for the 
stave device to latch the data. 

Note: The slave device (s) and a master device must be pro- 
grammed to similar timing modes for proper data transfer. 

When the master device transmits data to a slave device 
via the MOSI line, the slave device responds by sending 
data to the master device via the MISO line. This implies 
full duplex transmission with both data out and data in 
synchronized with the same clock signal (one which is 
provided by the master device). Thus, the byte transmitted 
is replaced by the byte received and eliminates the need 
for separate transmit-empty and receiver-full status bits. A 
single status bit (SPIF) in the serial peripheral status regis- 
ter (SPSR, location $0B) is used to signify that the I/O 
operation is complete. 

In the master device, the MSTR control bit in the serial 
peripheral control register (SPCR, location $0A) is set to a 
logic one (by the program) to allow the master device to 
receive data on Its MISO pin. In the slave device, its MISO 
pin is enabled by the logic level of the'SS pin; I.e.. If SS=1 
then the MISO pin is placed jn the high-impedance state, 
whereas, if §§>^lhe MlSO'^ln Is an output for the slave 
device. 

Note: The Port D Data Direction Register bit2must be set forthe 
MISO pin to transfer data in the slave mode. 
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(b) Multimaster System 
Fig. 20 - Master-Slave System Configuration 
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Slave Select (5S) 

In the slave mode the slave select (SS) pin is an input (PD5, 
pin 34), which receives an active low signal that is generated 
by the master device to enable slave devlce(s) to accept 
data. To ensu re that data will be accepted by a slave device, 
theS?slgnal line must be a logic low prior to occurrence of 
SCK (system clock) and must remain low until after the last 
(eighth) SCK cycle. Fig. 21 Illustrates the relationship be- 
tween SCK and the data for two different level combinations 
of CPHA, when SS is pulled low. These are: 1 ) with CPHA=1 
of 0, the first bit of data is applied to the MISO line for 
transfer, and 2) when CPHA = the slave device is prevent- 
ed from writing to its data register. Refer to the WCOL status 
flag in the serial peripheral status register (location $0B) 
description for further information on the effects that the SS 
input and CPHA control bit have on the I/O data register. A 
high level SS signal forces the MISO (master in, slave out) 
line to the high-impedance state. Also, SCK and the MOSI 
(master out, slave in) line are ignored by a slave device 
when its SS signal is high. 

When a device is a master, it monitors its S5 signal for a 
logic low, provided that Port D bit 5 is cleared. See Note. 
Th e master device will become a slave device any time its 
SS signal is detected low. This ensures that there is only one 
master controlling the S5 line for a particular system. When 
the S§ line is detected low, it clears the MSTR control bit 
(serial peripheral control register, location $0A). Also, con- 
trol bit SPE in the serial peripheral control register is 
cleared which causes the serial peripheral interface (SPI) to 
be disabled (port SPI pins become inputs). The MOOF 



flag bit in the serial peripheral status register (location $0B) 
is also set to indicate to the master device that another 
device is attempting to become a master. Two devices at- 
tempting to be outputs are normally the result of a software 
error; however, a system could be configured which would 
contain a default master which would automatically "take 
over" and rmtart the system. 

Note: I n the master mode PortODDRbitS determines whether Port 
O bit 5 (SS) is an error detect input to the SPI (DDR bit S clear) or a 
general-punppse output line (DOR bit 5 set), that can be used to 
strobe the Ss lines of slaves. 

Serial Clock (SCK) 

The serial clock is used to synchronize the movement of 
data both in and out of the device through its MOSI and 
MISO pins. The master and slave devices are capable of 
exchanging a data byte of information during a sequence of 
eight clock pulses. Since the SCK is generated by the mas- 
ter device, the SCK line becomes an input on all slave 
devices and synchronizes slave data transfer. The type of 
clock and its relatipns,hip to data are controlled by the 
CPOL and OPHAJbits in the serial peripheral control regis- 
ter (location |CMQ,^seus^ Mew. Refer to Fig. 21 for 
timing. 

The master device generates the SCK through a circuit 
driven by the internal processor clock. Two bits (SPRO and 
SPR1) in the serial peripheral control register (location 
$0A) of the master device select the clock rate. The master 
device uses theSCK to latch incoming slave device data on 



same timing mpd? as controlled by.the,QPQL9ndCPHA ,blt 
In the serial peripheral control register, in the slave device, 
SPRO and SPR1 have no effect on the operation of the Serial 
Peripheral Interface. Timing is shown in Fig. 21 . - — 

S 

Note: The Port D Data Direction Register bit 4 must be SBt{or #ie 
SCK pin to generate (output) a SCK signal. 

Functional Description 

A block diagram of the serial peripheral interface: (SPI): is 
shown In Pig. 22. In a master configuration thema^er start 

logic receives an input from the CPU (in the form of a w/rite 
to the SPI rate generator) and originates the system clock 
(SCK) based on the internal processor clock. This clock is 
also used internally to control the state controller as well as 
the 8-bit shift register. As a master device, data is parallel 
loaded into the 8-bit shift register (from the internal bus) 
during a write cycle and then shifted out serially to the 
MOSI pin for application to the slave device(s). During a 
read cycle, data is applied serially from a slave device via the 
MISO pin to the 8-bit shift register. After the 8-bit shift 



during a CPU read cycle 

In a slave configuration, the slave start logic receives a logic 
„.low (from a master device) at the 55 pin and a system clock 
input (from the same master device) at the SCK pin. Thus, 
the slave is synchronized with the master. Data from the 
master is received serially at the slave MOSI pin and loads 
the 8-bit shift register. After the 8-bit shift reg ister is loaded, 
its data Is parallel transferred to the read buffer and then is 
made available to the internal data bus during a CPU read 
cycle. During a write cycle, data is parallel loaded into the 
8-bit shift register from the internal data bus and then shift- 
ed out serially to the MISO pin for application to the master 
device. 

Fig. 23 illustrates the MOSI, MISO, and SCK master-slave 
interconnections. Note that in Fig. 23 the master SS pin is 
tied to a logic high and the slave SS pin is a logic low. Fig. 
21a provides a larger systern connection for these same 
pins. Note that In Fig. 20(a), all SS pins are connected to a 
port pin of a master/slave device. In this case any of the 
devices can be a slave. 
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NOTES: 

THE SS. SCK. MOSI. AND MISO ARE EXTERNAL PINS WHICH PROVIDE THE 
FOLLOWING FUNCTIONS; 

(a) MOSI-PROVIDES SERIAL OUTPUT TO SLAVE UNIT(S) WHEN DEVICE IS 

CONFIGURED AS A MASTER. RECEIVES SERIAL INPUT FROM MASTER 
UNIT WHEN DEVICE IS CONFIGURED AS A SLAVE UNIT. 

(b) MISO-RECEIVES SERIAL INPUT FROM SLAVE UNIT(S) WHEN DEVICE IS 

CONFIGURED AS A MASTER. PROVIDES SERIAL OUTPUT TO MASTER 
WHEN DEVICE fS CONFIGURED AS A SLAVE UNIT. 

te) '8CK -PROVIDES SYSTEM CLOCK WHEN DEVICE IS CONFIGURED AS A 
MASTER UNIT. RECEIVES SYSTEM CLOCK WHEN DEVICE IS CON- 

i w .flSUREDAS AStAVEUNtT. 

nQmf'^^PHoiabes A tddic low fo select a slave device for a 

TniUreFER WITH A MASmiOEVICE. 
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Fig, 22 ~ Seri0i$fiii^ifitimMt /ntmffpo Block Diagram 
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fiff. 23 - SBtUl'Peiffphatal Interface Master-Slave Interconnection 



Registers 

There are three registers in the serial parallel interface 
which provide control, status, and data storage functions. 
These registers, which include the serial peripheral control 
register (SPCR, location $0A), serial peripheral status regis- 
ter (SPSR, location $0B), and serial peripheral data I/O 
register (SPDR, |C>catlon $0C) are described below. 



e: in addition, the Port D Data Direction Register (DDR) must be 
properly configured. See note in the section labelled "Input/Output 
Programming-Special-Purpose Port". 

Serial Peripheral Control Register (SPCR) 
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The serial peripheral control register bits are defined as 
follows: 

B7, SPIE When the serial peripheral interrupt enable bit 
is high, itallowstheoccurrenceof a processor 
interrupt, and forces the proper vector to be 
loaded into the program counter if the serial 
peripheral status register flag bit (SPIF and/or 
MODF) is set to a logic one. It does not inhibit 
the setting of a status bit. The SPIE bit is 
cleared by reset. 

B6, SPE When the serial peripheral output enable con- 
trol bit is set, all output drive is applied to the 
external pins and the system is enabled. When 
the SPE bit is set, it enables the SPI system by 
connecting it to the external pins thus allowing 
It to interface with the external SPI bus. The 
pins that are defined as output depend on 
which mode (master or slave) the device is in. 
Because the SPE bit is cleared by reset, the 
SPI system is not connected to the external 
pins upon reset. 

BS. pWOM The Port D Wire-OR Mode bit controls the 
output buffers for Port D bits 2 through 5. If 
DWOM=1, the tour Port D output buffers be- 
have as open-drain outputs. If DWOM=0, the 
four Port D output buffers operate as normal 
CMOS outputs. DWOM is cteai^ed by reset. 



B4,'M$tH ' ' The rrjaster bit determines whether the device 
Is a master or a slave. If the MSTR bit is a logic 
zero it indicates a slave device and a logic one 
denotes a master device. If the master mode is 
selected, the function oftheSCKpin changes 
from an input to an output and the function of 
the MISO and MOSI pins are reversed. This 
allows the user to wire device pins MISO to 
MISO, and MOSI to MOSI and SCK to SCK 
without incident. The MSTR bit is cleared by 
reset; therefore, the device is always placed in 
the slave mode during reset. 

83, CPOL The clock polarity bit controls the normal or 
steady state value of the clock when data is not 
being transferred. The CPOL bit affects both 
the master and slave modes. It must be used in 
conjunction with the clock phase control bit 
(CPHA) to produce the wanted clock-data re- 
latronsMp between a master and a slave de- 
, , If! vice. When the CPOL bit is a logic zero, it 
produces a steady state low value at the SCK 
pin of the master device. If the CPOL bit is a 
logic one, a high value is produced at the SCK 
pin of the master device when data is not being 
transferred. The CPOL bit Is not affected by 
reset. Refer to Fig. 21 . 

B2, CPHA The clock phase bit controls the relationship 
between the data on the MISO and MOSI pins 
and the clock produced or received at the SCK 
pin. This control has effect in both the master 
. and slave modes. It must be used in conjunc- 
tion with the clock polarity control bit (CPOL) 
to produce the wanted clock-data relation. 
■ • , " The CPHA bit in general selects the clock edge 
which captures data and allows it to change 
states. It has its greatest impact on the first bit 
transmitted (MSB) in that it does or does not 
allow a clock transition before the first data 
capture edge. The CPHA bit is not affected by 
reset. Refer to Fig. 21. 

B1 , SPR1 These two serial peripheral rate bits select one 
BO, SPRO of four baud rates to be used as SCK if the 
device is a master; however, they have no ef- 
fect in the slave mode. The slave device is 
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capable of shifting data In and out at a maxi- 
mum rate which is equal to the CPU clock 
(maximum = 2.1 MIHz). A rate table is given 
below for the generation of the SCK from the 
master. The SPR1 and SPRO bits are not af- 
fected by reset. 
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The status flags which generate a serial peripheral Interface 
(SPOinterruptwillnotbeblockedbytheSPlEcofitrolbltln 
the serial peripheral control register; however, the interrupt 
will be blocKed. The WCOL bitdoes notcai|9ean itjterciipt. 
The serial peripheral statvK register .bits a<e defined as 
follows: 

B7, SPiF Theserlalperipheraldatatransferflagbitnoti- 

fies the user that a data transfer between the 
device and an external device has been com- 
pleted. With the completion of the data 
transfer, SPIF is set, and if SPIE is set, a serial 
peripheral interrupt (SPI) is generated. During 
the clock cycle that SPI F is being set, a copy of 
the received data byte in the shift register is 
moved to a buffer. When the data register is 
read, it is the buffer that is read. During an 
overrun condition, when the master device has 
sent several bytes of data and the slave device 
has not responded to the first SPIF, only the 
first byte sent is contained in the receiver 
buffer and all other bytes are lost. 

The transfer of data is initiated by the master 
device writing its serial peripheral data 
register. 

Clearing the SPIF bit is accomplished by a 
software sequence of accessing the serial pe- 
ripheral status register while SPIF is set and 
followed by a write to or a read of the serial 
peripheral data register. While SPIF is set, all 
writes to the serial peripheral data register are 
inhibited until the proper clearing sequence is 
followed. This occurs in the master device. In 
the slave device, SPIF can be cleared (using a 
similar sequence) during a second transmis- 
sion; however, it must be cleared before the 
second SPIF in order to prevent an overrun 
condition. The SPIF bit Is cleared by reset. 

B6, WCOL The function of the write collision status bit is 
to notify the user that an attempt was made to 
write the serial peripheral data register while a 
data transfer was taking place with an external 
device. The transfer continues uninterrupted; 
therefore, a write will be unsuccessful. A "read 
collision" will never occur since the received 
data byte is placed In a buffer in which access 
Is always synchronous with ttie MCU opera- 
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tion. If a "write collision" occurs, WCOL is set 
but no SPI interrupt is generated. The WCOL 
bit is a status flag only. 

Clearing the WCOL bit is accomplished by a 
software sequence of accessing the serial pe- 
ripheral status register while WCOL is set, fol- 
lowed by 1 ) a read of the serial peripheral data 
register prior to the SPIF bit being set, or 2) a 
read or write of the serial peripheral data regis- 
ter after the SPI F bit is set. A write to the serial 
peripheral data register (SPDR) prior to the 
SPIF bit being set, will result in generation of 
another WCOL status flag. Both the SPIF and 
WCOL bits will be cleared in the same se- 
quence. If a second transfer has started while 
trying to clear (the previously set) SPIF and 
VWCOL bits with a clearing sequence contain- 
ing a write to the serial peripheral data regis- 
ter, only the SPIF bit wHi be cleared. 

A collision of a write to the serial peripheral 
data register while an external data transfer Is 
taking place can occur in both the master 
mode and the slave mode, although with the 
proper programming the master device should 
have sufficient Information to preclude this 
collision. 

Collision in the master device is defined as a 

write of the serial peripheral data register 
while the internal rate clock (SCK) is in the 
process of transfer. The signal on the SS pin is 
always high on the master device. 

A collision in a slave device is defined in two 
separate modes. One problem arises in a slave 
device when the CPHA control bit is a logic 
zero. When CPHA is a logic zero, data is 
latched with the occurrence of the first clock 
transition. The slave device does not have any 
way of knowing when that transition will occur; 
therefore, the slave device collision occurs 
when it attempts to write the serial peripheral 
data register after its SS pin has been pulled 
low. The SS pin of the slave device freezes the 
data in its serial periptieral data register and 
does not allow it to be altered if the CPHA bit is 
a logic zero. The master device must raise the 
SS pin of the slave device high between each 
byte it transfers to the slave device. 

The second collision mode is defined for the 
state of CPHA control bit being a logic one. 
With the CPHA bit set, the slave device will be 
receiving a clock (SCK) edge prior to the latch 
of the first data transfer. This first clock edge 
will freeze the data in the slave device I/O reg- 
ister and allow the MSB onto the external 
MISO pin of the slave device. The SS pin low 
state enables the slave device but the drive 
onto the MISO pin does not take place until the 
first data transfer clock edge. The WCOL bit 
will only be set if the I/O register is accessed 
while a transfer is taking place. By definition of 
the second collision mode, a master device 
might hold a slave device SS pin low during 
a transfer of several bytes of data without a 
problem. 

A special case of WCOL occurs In the slave 
device. This happens when the master device 



CDP68HC05D2 



starts a transfer sequence (an edge of SCK for 
CPHA=1; or an active 5S transition for 
CPHA=0) at the same time the slave device 
CPU is writing to its serial peripheral interface 
data register. In this case It is assumed that the 
data byte written (in the slave device serial 
peripheral interface) is lost and the contents of 
the slave device read buffer become the byte 
that is transferred. Because the master device 
receives back the last byte transmitted, the 
master device can detect that a fatal WOOL 
occurred. 

Because the slave device Is operating asynch- 
ronously with the master device, the WCOL bit 
may be used as an indicator of a collision oc- 
currence. This helps alleviate the user from a 
strict real-time programming effort. The 
WCOL bit is cleared by reset. 

Bit 4 MODF The function of the mode fault flag (MODF) Is 
defined for the master mode device. If the de- 
vice is a slave device, the MOOF bit will be 
prevented from toggling from a logic zero to a 
logic one; however, this does not prevent the 
device from being in the slave mode with the 
MODF bit set. The MODF bit Is normally a 
logic zero and is set only when the master 
device has Its SS pin pulled low. Toggling the 
MODF bit to a logic one affects the internal 
serial peripheral Interface (SPI) system In the 
following ways: 

1. MODF is set and SPI Interrupt is generated 
if SPIE=1. 

2. The SPE bit Is forced to a logic zero. This 
blocks all output drive from the device, dis- 
abled the SPI system. 

3 .The MSTR bit is forced to a logic zero, thus 
forcing the device into the slave mode. 

Clearing the MODF is accomplished by a 
software sequence of accessing the serial pe- 
ripheral status register while MODF is set fol- 
lowed by a write to the serial peripheral control 
register. Control bits SPE and MSTR may be 
restored to their original set state during this 
clearing sequence or after the MODF bit has 
been cleared. Hardware does not allow the 
user to set the SPE and MSTR bit while MODF 
' is a logic one unless it is during the proper 

clearing sequence. The MODF flag bit indi- 
cates that there might have been a multi-mas'- 
ter conflict for system control and allows a 
proper exit from system operation to a reset or 
default system state. The MODF bit is cleared 
by reset. 

Serial Peripheral Data I/O Register (SPDR) 

7 6 5 4 3 2 1 



Serial Peripheral Data I/O Register 



$00 



The serial peripheral data I/O register is used to transmit 
and receive data on the serial bus. Only a write to this 
register will initiate transmission/reception of another byte 
and this will only occur In the master device. A slave device 
writing to its data I/O register will not Initiate a transmission. 
At the completion of transmitting a byte of data, the SPIF 
status bit Is set in both the master and slave devices. A write 



or read of the serial peripheral data I/O register, after ac- 
cessing the serial peripheral status register with SPIF set, 
will clear SPIF. 

During the clock cycle that the SPIF bit Is being set, a copy 
of the received data byte In the shift register is being moved 
to a buffer. When the user reads the serial peripheral data 
I/O register, the buffer is actually being read. During an 
overrun condition, when the master device has sent several 
bytes of data and the slave device has not internally re- 
sponded to clear the first SPIF, only the first byte is con- 
tained In the receive buffer of the slave device; all others are 
lost. The user may read the buffer at any time. The first SPIF 
must be cleared by the time a second transfer of data from 
the shift register to the read buffer is initiated or an overrun 
condition will exist. 

A write to the serial peripheral data I/O register is not buf- 
fered and places data directly Into the shift register for 

transmission. 

The ability to access the serial peripheral data I/O register Is 
limited when a transmission Is taking place. It Is Important 
to read the discussion defining the WCOL and SPIF status 
bits to understand the limits on using the serial peripheral 
data I/O register. - ' 



Serial Peripheral Interface (SPI) 
System Considerations 

There are two types of SPI systems: single master system 
and multi-master systems. Figure20 Illustrates both of 
these systems and a discussion of each is provided below. 

Figure 20a Illustrates how a typical single master system 
may be configured, using a CDP6805 CMOS Family device 
as the master and four CDP6805 CMOS Family devices as 
slaves. As shown, the MOSI, MISO, and SCK pins are all 
wired to equivalent pins on each of the five devices. The 
master device generates the SCK clock, the slave devices al I 
receive it. Because the CDP6805 CMOS master device is the 
bus master, it Internally controls the function of its MOSI 
and MISO lines, thus writing datato the slave devices on the 
MOSI and reading data from the slave devices on the MISO 
lines. The master device selects the Individual slave devices 
by using four pins of a parallel port to control the four 55 
pins of the slave devices. A slave device is selected when the 
master device pulls its '55 pin low. The 55 pins are pulled 
high during reset because the master device ports will be 
forced to be inputs at that time, thus disabling the slave 
devices. Notice that the slave devices do not have to be 
enabled In a mutually exclusive fashion except to prevent 
bus contention on the MISO line. For example, three slave 
devices enabled for a transfer are permissible If only one 
has the capability of being read by the master. An example 
of this is a write to several display drivers to clear a display 
with a single I/O operation. To ensure that proper data 
frahstnissiop is occurring between the master device and a 
slave disvlce, the"Hiaster device may have the slave device 
respond with a previously received data byte (this data byte 
could be Inverted or at least be 3 byte that Is different from 
the last one sent by the master device). The master device 
will always receive the previous byte back from the slave 
device If all MISO and MOSI lines are connected and the 
slave has not written to its data I/O register. Other transmis- 
sion security methods might be defined using ports for 
handshake lines or data bytes with command fields. 

A multi-master system may also be configured by the user. 
A system of this ^pe is stiown in Fl0ure2Ob. An exchange of 
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rhaster cohitrol coiild be implemented by an exchange of 
code messages through the serial peripheral interface sys- 
tem. The major device control that plays a part in this sys- 
tem Is the MSTR bit in the serial peripheral control register 
and the MODF bit in the serial peripheral status register. 



Note that the DWOM bit would also be set to prevent bus 
contention. For additional information on this configura- 
tion and SPI in general, refer to RCA Application Note ICAN 
7264 entitled "Versatile Serial Protocol for a Microcom- 
puter-Peripheral Interface." 



^ects of Stop and Wait Modfs on ttie 
Timer and Serial System 



The STOP and WAIT instructions have different effects on 
the programmable timer and serial' peripheral interface 
(SPI) system. These different effects are discussed sepa- 
rately below. . ; . ; 

Stop Mode 

When the processor executes the STOP instruction, the 
internal oscillator is turned off. This halts all internal CPU 
processing and the serial periipheraJ interface: The prO'- 
grammable timer will only continue to count if an external 
timer oscillator is used. The only way for the MCU to "wake 
up "from the stop mode is by receipt of an external interrupt 
(logic low on IRQ pin), an external timer oscillator interrupt, 
a Port B interrupt or by the detection of a reset (logic low on 
RESET pin or a power-on reset). The effects of the stop 
mode on each of the MCU systehnsi (Timer and* SPI),'.are 
described separately. 

Timer During Stop Mode 

When the MCU enters the STOP mode, the timer will con- 
tinue to count and generate interrupts if using an external 
timer oscillator. If using the CPU clock to clock the timer, 
the timer counter stops counting (the internal processor 
clock is stopped) and remains at that particular count value 
until the stop mode is exited by an interrupt (if exited by 
reset the counter is forced to $F FFC ). If the stop mode is 
exited by an external low on the IRQ pin, then the counter 
resumes from its stopped value as if nothing had happened. 
Another feature of the programmable timer, in the stop 
mode, is that if at least one valid input capture edge ocqurs 
at theTCAP pin, the input capture detect circuitry is armed. 
This action does not set any timer flags or "wake up" the 
MCU, but when the MCU does "wake up" there will be an 
active input capture flag (and data) from that first valid edge 
which occurred during the stop mode. If the sto p mode is 
exited by an external reset (logic low on RESET pin), then 
no such input capture flag or data action takes place even if 
there was a valid Input capture edge (at the TCAP pin) 
during the MCU stop mode. 

SjPI During Stop Mode 

yVhen the'MCU ent«rathe;Stopmode, the baud t9.^g^mt- 
ater which drives the SPI shuts down. This esaerrtially slope 



all master mode SPI operation, thus the master SPI is un- 
able to transmit or receive any data. If the STOP instruction 
is executed during an SPI transfer, that transfer is halted 
until the MCU exits the stop mode (provided it is an exit 
resulting from a logic low on the IRQ pin). If the stop mode 
is exited by a reset, then the appropriate control/status bits 
are cleared and the SPI is disabled. If the device is in the 
slave mode when the STOP instruction is executed, the 
slave SPI will still operate. It can still accept data and clock 
information in addition to transmitting its own data back to 
a master device. 

At the end of a possible transmission with a slave SPI in the 
STOP mode, no flags are set until a logic low IF?Q input 
results in an MCU "wake up". Caution should be observed 
when operating the SPI (as a slave) during the stop mode 
because none of the protection circuitry (write collision, 
mode fault, etc.) is active. 

It should also be noted that when the MCU enters the stop 
mode all enabled output drwers (TOO, TCMP, MISO, MOSI, 
and SCK ports) remain active and any sourcing currents 
from these outputs will be part of the total supply current 
required by the device. 

Wait Mode 

When the MCU enters the wait mode, the CPU clock is 
halted. All CPU action is suspended; however, the timer and 
SPI systems remain active. In fact an interrupt fr om the 
timer or SPI (in addition to a logic low on the IRQ or RESET 
pins or a Port B interrupt, if enabled) causes the processor 
to exit the wait mode. Since the three systems mentioned 
above operate asthey do in the normal mode, only a general 
discussion of the wait mode is provided below. 

The wait mode power consumption depends on how many 
systems are active. The power consumption will be highest 
when all the systems (timer, TCMP and SPI) are active. The 
power consumption will be the least when the SPI system is 
disabled (timer operation cannot be disabled in the wait 
mode). If a non-reset exit from the wait mode is performed 
(i.e., timer overflow interrupt exit), the state of the remain- 
ing systems will be unchanged. If a reset exit from the wait 
mode is performed all the systems revert to the disabled 
reset state. 
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DEVICE CHARACTEIII^ICS 



MAXIMUM RATINGSYVo/fasias R»f»nnced to Vaa) 



Ratings 


Symbol 


Value 


Untt 


Supply Voltage 




-0.5 to +7.0 


V 


Input Voltage 


V», 


Vss -0.5 to Vdo +0.5 


V 


Current Drain Per Pin Excluding Voo and Vss 


1 


25 


mA 


Operating Temperature Range 


Ta 




"C 


Storage Temperature Range 




-ffitO+ISO 


•c 



THERMAL CHARACTERISTICS 



Characteristics 


Symbol 


Value 


Unit 


Thermal Resistance 








Ceramic 


0JA 


50 


°c/w 


Plastic 




100 




Plastic Chip Carrier 




70 





This device contains circuitry to protect the inputs against 
damage due to high static voltages of electric fields; how- 
ever, it is advised that normal precautions be taken to avoid 
application of any voltage higher than maximum rated volt- 
ages to this high impedance circuit. For proper operation It 
is recommended that Vi„ and V,ui be constrained to the 



range Vss^ (Vi„ or Voui)^do. Reliability of operation is en- 
hanced if unused Inputs except OSC2 are connected to an 
appropriate logic voltage level (e.g., either Vss or Vdo). 



Voo = 4.5 V 



Pins 


R1 


R2 


C 


PA0-PA7, 
PB0-PB7, 
PC0-PC7, 
PD6 


3.26 kO 


2.38 kn 


50 pF 


PD1-PD4 


1.9 kfi 


2.26 kn 


200 pF 


Voo = 3.0 V 


Pins 


R1 


R2 


C 


PA0-PA7. 
PB0-PB7, 
PC0-PC7, 
PD6 


10.91 kO 


6.32 kO 


50 pF 


PD1-PD4 


6kn 


6kn 


200 pF 



TEST 



c 

(SEE: 
TABLE) 



R2 

(SEE TABLE) 



Rl 

(SEE TABLE) 
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Fig. 24 - Bqulvalent Teat Load 



Power Considerations 

The average chip-junction temperature, Tj, in °C can be 
obtained from: 

Tj = Ta + (Po'#ja) (1) 

Where: 

Ta = Ambient Temperature, °C 

SjA = Package Thermal Resistance, Junction- 

to-Ambient, °C/W 

Pd = Pint + Pi/o 

P INT = Ice X Vcc, Watts — Chip Internal Power 
Pi/o = Power Dissipation on Input and Output 

Pins — User Determined 

For most applications Pi,o < Pint and can be neglected. 



An approximate relationship between Po and Tj (if P|/o is 
neglected is: 

Pd=K + (Tj + 27300 (2) 

Solving equations 1 and 2 for K gives: 

K = Po«(Ta + 273°C) + «j.'Pd2 (3) 

Where K is a constant pertaining to the particular part. K can 
t>e determined from equation 3 by measuring Po (at equilibri- 
um) for a known Ta. Using this value of K the values of Po 
and Tj can be obtained by solving equations (1) and (2) 
iteratively for any value of T*. 
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DC ELECTRtCAL CHARACTERISTICS (V^SkQ Vj^± tm^MmiiP^^- 
Ta = -^O-C to +T250C unless otherwise nSh8f- 'f'^' MAt^i> r J' 





Limits 




Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Output Voltage, (load < 10.0 «/A 


Vol 

VoH 


Vdd-0.1 




0.1 


V 
V 


Output High Voltage 

(iLoad = 0.8 mA) PA0-PA7, PB0-PB7, PC0-PC7, TCMP 
(Il<.m = 1.6 mA) PD1-PD4 ... , L- 


VoH 

Yw, 


Vdd-0.8 
VoD-0.8 






V 
V 


Output Low Voltage 

(lLo.d = 1 .6 mA) PA0-PA7, PB0-PB7, PC0-PC7, PD2-PD5, TCMP 


Vol 




- 


0.4 


V 


Input Higti Voltage 
PA0-PA7, PB0-PB7, P0(H>e7, PB0-PB5, PD7, TCAf^WSt. RESPT, 


V,H ■ 


0.7 X Vdd 




Vdd 


V 


Input Low Voltage 

PA0-PA7, PB0-PB7, PC0-PC7, PD0-PD5, PD7, TCAP, iTO. RESET, 0SC1 


V,L 


Vss 


— 


0.2 X Vdo 


V 


Total Supply Current (Cl = 50 pF on Ports, no dc Loads, tc,c = 500 ns, 
(ViL = 0.2 V, ViH = Vdo - 0.2V) No external timer oscillator. 
RUN 

WAIT (See Note) 
STOP (See Note) 


Idd 

Idd 
Idd 


- 


3.5 

1.6 

2 


7 
4 

250 


mA 
mA 
/'A 


Total Supply Current (Cl = 50 pF on Ports, no dc Loads, t<^ = 500 ns, 
(ViL = 0.2 V, ViN = Vdd - 0.2V) 32.768 KHz external timer ' 
crystal oscillator for circuit as shown in Fig. 13(c). 
RUN ^ ■ ' " ■ 
WAIT (See Note) - ' " ■ ■ ' ' -'i.'*' ■^J«*"-""v'if. 
STOP (See Note) 


Idd 

Idd 

Idd 




4 

2.1 
0.5 


8 

5.5 
1 


mA 
mA 
mA 


I/O Ports Hi-Z Leakage Current 

PA0-PA7, PB0-PB7, PC0-PC7, PD1-PD5 


I.L 






±10 


M 


Input Current 
RESET, IRQ, TCAP, OSC1 , PDO, PD7 


1.. 






±1 


M 


Capacitance 
Ports (as input or putput) 
RESET, jsm ^l,f Dp4>D5, PD7 


Coul 


4- 




12 
8 


pF 
pF 



NOTE: Measured under the following conditions: 

1. All ports are configured as input, Vil = 0.2 V, Vim = Vdd - 0.2 V. 

2. No load on TCMP, Cl = pF on'OSC*'- ■ ■- ( H • v • s 

3. OSC1 is a square wave with Vil = 0.2 V.'Vih = Vpo - 0.2 V. 

4. SPE = 

5. Typloa vchie^.^ iqi^tiPlnt'cf voHaoe range, +2S°C only. 

I 




" 1 



DC ELECTRICAL CHARACTERISTICS (Voo = 3.3 Vac± fO«, l^n = Vde. 
Ta = -40° C to +1 25° C unless otharwisa noted) ^ 





Limits 




CtaractorMIc 


Symbol 


MIn 


Typ 


Max 


Unit 


Output Voltage, IloaoS lO.O^A 


Vol 
Vo« 


Vdd-0.1 




0.1 


V 
V 


Output High Voltage 

{Ilo.o = 0.2 mA) PA0-PA7, PB0-PB7, PC0-PC7, TCMP. PD5 
(Ilo.o = 0.4 mA) PD1-PD4 


VoH 
VoH 


Voo-0.3 
Vdo-0.3 






V 
V 


Output Low Voltage 

(lLo.d = 4 mA) PA0-PA7, PB0-PB7, PC0^PC7, P02-PD5, TCMP 


Vol 




- 


03 


V 


Input High Voltage 
PA0-PA7. PB0-PB7, PC0-PC7, PD0-PD5, PD7. TCAP, IRQ, RESET, OSC1 


V,„ 


0.7 X VoD 




Vdd 


V 


Input Low Voltage 

PA0-PA7, PB0-PB7, PC0-PC7, PD0-PD5, PD7, TCAP, iBS. RESET, OSC1 


ViL 


Vss 




0.2 X Voo 


V 


Total Supply Current (Cl = 50 pF on Ports, no dc Loads, tc,c = 1000 ns, 
(ViL = 0.2 V. ViK = VoD - 0.2V) No external timer oscillator. 

RUN 

WAIT (See Note) 
STOP (See Note) 


loo 
loo 
Ido 


- 


1 

0.5 
1 


2.5 
1.4 
175 


mA 
mA 
^A 


Total Supply Current (Cl = 50 pF on Ports, no dc Loads, tcvc = 1000 n», 
(ViL = 0.2 V, V,H = Vdd - 0.2V) 32.768 KHz external timer 
crystal oscillator circuit as shown in Fig. 13(e). " — " 
RUN 

WAIT (See Note) 
STOP (See Note) 


Ido 
loo 
too 




1.1 
0.6 
100 


2.75 
1.8 
275 


mA 
mA 


I/O Ports Hi-Z Leakage Current 
PA0-PA7, PB0-PB7, PC0-PC7, PD1-PD5 


IlL 






±10 


/lA 


Input Current 
RESET, IRQ, TCAP, OSC1, PDO, PD7 


l« 






±1 


pA 


Capacitance 
Ports (as input or output) 
RESET. IRQ, TCAP, OSC1, PDO-PDS, PD7 


Cowl 






12 
8 


pF 
pF 



NOTE; Measured under the following conditions: 

1 . All ports are configured as input, Vil = 0.2 V, Vm = Voo - 0.2 V. 

2. No load on TCMP, Cl = 20 pF on OSC2. 

3. OSC1 is a square wave with Vil = 0.2 V, Vm = Voo - 0.2 V. 

4. SPE = 

s. Typtaii whiea ■! midpeint Of veHae* ««•, ■••MOC only. 
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CONTROL TIMING (Voo = 6.0 Vdc ± 10%. Vas^O Vdc, T* = -40°C to +125''C) 





LimHs 




Characteristic 


Symbol 


Min 


Max 


Unit 


Frequency of Operation 


- 








Crystal Option 


fosc 




4.2 


MHz 


cxiernai oiock upiion 


f 

lose 


fin 




MHz 


Internal Operating Frequency 










Crystal (f„,c -i- 2) 


fop 


— 


2.1 


MHz 


External Clock (f„sc 2) 


fop 


do 


2.1 


MHz 


Cycle Tinne (See Figure 8) 


tcyC 


480 


— 


ns 


Crystal Oscillator Startup Time for At-Cut Crystal (See Figure 8) 


toxov 


— 


100 


ms 


Stop Recovery Startup Time (At-Cut Crystal Oscillator) (See ffigure 25) 


tiLCM 


— 


100 


ms 


RESET Pulse Width (Sm Figure 9) 


tpL 


1.5 




tcyc 


Timer 










Resolution" 


tRESt. 


4.0 




tcyc 


Input Capture Pulse Widtti (See Figure 26) 


t-TH, tjL 


125 




ns 


Input Capture Pulse Period (See Figure 26) 


Itltl 






tcyc 


Interrupt Pulse Width Low (Edge-Triggered) (See Figure 11) 


tiLIH 


125 




ns 


Interrupt Pulse Period (See Figure 11) 


tlUL 






tcyc 


OSC1 Pulse Width 


toHi toL 


90 




ns 


External Timer Oscillator frequency of operation 






fo«=-^4 


foae 



*Ths minimum pertdd.tiui. sliould not bd less than the number of cycle times it talces to execute the interrupt service 
routine plus 21 tcyc. 

"Since a 2-bit prescaler in the timer must count four internal cycles (tcyc), this is the limiting minimum factor in 

determining the timer resolution. 
'"The minimum period tjLTL should not be less than the number qfcycle tjmes it talces to execute the capture interrupt 
service routine plus 24 tec- 











'- 






^ 






•iLCH * 


40«4t^4 » 



IHTCRMAL 
CLOCK 



nLrmj 



ADDRESS 
BUS 




1FFE YlFFE 



NOTES: 

1. mPRESENTS THE INTERNAL GATING OF THE 0*C1 PIN. 
I. ^ PIN EDOE-SENSmVE MASK OPTION, 
a. UVEL AND nOE-eaiStTIVE MASK OPTION. 



"LTU 



RESET OR INTERUPT 
VECTOR RTCH 



9ZCM-393TS 



Fig. 25 - Stop AaeoMry Timing DIagfwn 



CONTROL TIMING (Voo = 3.0 Vdc ± 10% Vaa = VUc, Ta = -M'C to +125''C) 





Limits 




Chardctsristic 


Symbol 


Min 


Max 


Unit 


Frequency of Operation 

Crystal Option 
External Clock Option 


fosc 
fosc 


dc 


2.0 

2.0 


MHz 
MHz 


Internal Operating Frequency 

orysiai ^Tosc ~ 
External Clock (W + 2) 


f 

lop 


dc 


1 .0 
1.0 


Mnz 
MHz 


Cycle Time (See Figure 8) 


t„c 


1000 




ns 


Crystal Oscillator Startup Time for At-Cut Crystal (See Figure 8) 


toxov 




100 


ms 


Stop Recovery Startup Time (At-Cut Crystal Oscillator) (See Figure 25) 


tiLCH 




100 


ms 


RESET Pulse Width - Excluding Power-Up (See Figure 8) 


tRL 


1.5 




tcyc 


Timer 
Resolution** 

Input Capture Pulse Width (See Figure 26) 
Input Capture Pulse Period (See Figure 26) 


tflESL 

txH, It.. 

tTLTL 


4.0 

250 




tcyc 

ns 

lc,c 


Interrupt Pulse Width Low (Edge-Triggered) (Sl^FjjgjjfBlli. 


tiLIH 


250 




ns 


Interrupt Pulse Period (See Figure 11) 


tlLIL 






tcyc 


OSC1 Pulse Width 


toH. toL 


200 




ns 


External timer oscillator frequency of operation 






f«=H-4 


f<»c 



'The minimum period tiLiL should not be less than the number of cycle times it tal(es to execute the interrupt service 
routine plus 21 tcyc. 

"Since a 2-bit prescaler in the timer must count four internal cycles (tcyc), this is the limiting minimum factor in 

determining the timer resolution. 
***The minimum period tjLTL should not be less than the number of cycle times it taltes to execute the capture Interrupt 
service routine plus 24 tcyc. ' ' ' ■ •■ ' ■ & 



a 



8 



EXTERNAL 
SIGr 
ITCAF 

pin: 



GNAL r 

:ap 

137) I 



-fXLTL 



9 ^ fTH |« 



tTL 



Fig. 26 - Timer fMgtlonahlps 
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Limits 




Num. 


CharacterMic 




Min 


IMax 


Unit 




Operating Frequency 
Master 
Slave 


fopiml 
fopfs) 


dc 
dc 


0.5 
2.1 


f *** 

■ op 

MHz 


1 


Cycle Time 
Master 
Slave 


tcycfml 
teycUl 


2.0 
480 


- 


tcyc 

ns 


2 


Enable Lead Time 
Master 

Slave 


tlead(ml 
tlead(S) 


240 


- 


ns 


3 


Enable Lag Time ,i > 
Master 
Slave 


t(ag(m) 
tlag(S) 


* 

240 


- 


ns 


4 


Clock (SCK) High Time 
Master 
Slave 


tw(SCKH)m 
tw(SCKH)s 


340 
190 


- 


ns 
ns 


5 


Clock (SCK) Low Time 
Master 
Slave 


tw(SCKL}m 
twfSCKUs 


340 
190 


- 


ns 
ns 


6 


Data Setup Time (Inputs) 

Master 
Slave 


tsu(ml 
tau(8} 


100 
100 





ns 
ns 


7 


Data Hold Time (Inputs) 
Master 
Slave 


thlm) 
thl«) 


100 
100 


— 


ns 
ns 


8 


Access Time (Time to data active from high impedance state) 
Slave 


ta 





120 


ns 


9 


Disable Time (Hold Time to High-Impedance State) 
Slave 


tdia 




240 


ns 


10 


Data Valid 
Master (Before Capture Edge) 
Slave (After Enable Edge)*" 


tv(m» 
tvtal 


0.25 


240 


tcycfml 

ns 


11 


Data Hold Time (Outputs) 
Master (After Capture Edge) 
Slave (After Enable Edge) 


thotm) 
tho(s) 


0.25 





tcyc(ml 

ns 


12 


Rise Time (20% Vdd to 70% Vdd, Cl = 200 pF) 
SPI Outputs (SCK, MOSI, MISO) 
SPI Inputs (SCK, MOSI, MISO, Sg) 


trm 

t„ 




• 00 

2.0 


ns 

fJS 


13 


Fall Time (70% Vdd to 20% Vpo, Cu = 200 pF) 
SPI Outputs (SCK, MOSI, MISO) 
SPI Inputs (SCK, MOSI, MISO, S5) 


tfm 
tl. 




100 
2.0 


ns 

AS 



"Signal production depends on software. 
"Assumes 200 pF load on all SPI pins. 

"Note that the unit this specification uses is fop (internal operating frequency), not MHzl In the master 
mode the SPI bus is capabi* of running at ona-half of the device's internal operating frequeney, therefore 
1 .05 MHz maximum. 



CDP68HC05D2 



SERIAL PERIPHERAL INTERFACE (SPI) TIMING (Figure 29) 

(Voo = 3.3 Vdc ± 10%, Vss = Vdc, I* = -40°C to +125°C) 





Limits 




Num. 


Characteristic 


Syinl>ol 


Min 


Max 


Unit 




Operating Frequency 
Master * - 
Slave 


foplm) 
fopts) 


dc 
dc 


0.5 
1.0 


fop 

MHz 


1 


Cycle Time ' ' - - . - 
Master ' • X 
Slave - - ■- '■ - - 


tcyc(ni) 
tcyc(s) 


2.0 
1.0 


- 


tcyc 

IIS 


2 


Enable Lead Time 
Master ' ■. i •" ' • " " 
Slave y ■'»■■ 


tlead(m) 
tlead(S) 


500 


- 


ns 


3 


Enable Lag Tfme' " ""^ — v "• ~ — 
Master 
Slave 


ttagtinl 
tiaglSl 


500 


— 


ns 


4 


Clock (SCK) High Time 
Master 
Slave 


tw(SCKHlm 
tw(SCKH)s 


720 
400 




ns 


5 


Clock (SCK) Low Time 
Master 
Slave 


t«<SCKUm 
twISCKUB 


720 
400 


- 


lis 


6 


Data Setup Time (Inputs) 

Master 
Slave 


tsu(m) 
tsufs) 


200 

200 


- 


ns 


7 


Data Hold Time (Inputs) 
Master 
Slave 


thlml 
th(s) 


200 
200 


- 


ns 


8 


Access Time (Time to data active from high impedance state) 
Slave 


t. 





250 


ns 


9 


Disable Time (Hold Time to High-Impedance State) 
Slave 


tdis 




500 


ns 


10 


Data Valid 
Master (Before Capture Edge) 
Slave (After Enable Edge)** 


tv(m) 
tirts) 


0.25 


500 


tcyclm) 

ns 


11 


Data Hold Time (Outputs) 
Master (After Capture Edge) 
Slave (After Enable Edge) 


tho(m) 
tho(3) 


0.25 





tcycim) 

ns 


12 


Rise Time (20% Vdd to 70% Vdd, Cl = 200 pF) 
SPI Outputs (SCK, MOSI, MISO) 
SPI Inputs (SCK, MOSI, MISO, SS) 


trm 

u 




200 
2.0 


ns 
^s 


13 


Fall Time (70% Vdd to 20% Vdd, Cl = 200 pF) 
SPI Outputs (SCK, MOSI, MISO) 
SPI Inputs (SCK, MOSI, MISO, SS) 


tlm 
tf. 




200 
2.0 


ns 

/iS 



•Signal production depends on software. 
•'Assumes 200 pF load on all SPI pins. 

'**Note that the unit this specification uses is fop (Internal operating frequency), not MHzl In Vrm master 
mode the SPI bus Is capable of running at one-half of thedevice's internal operating frequency, tlierefore 
0.5 MHz mwclmum. 
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ss 

(INPUT) 



SCK 
(OUTPUT) 
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HUSO 
(INPUT) 



M><: 



MOSI 
(OUTPUT) 



N— 



X 



X 



D60 



-Nr 



X 



DOO 
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(a) SPI Mastar Timing CPOL = 0, CPHA = 1 
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SS 
(INPUT) 



SCK 
(OUTPUT) 



HELD HIGH ON MASTER 



MISO 
(INPUT) 



MOSr 
(OUTPUT) 



3: 



-0* 



X 



X 



At 

D6I 
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At 



X 



(b) SPI Master Timing CPOL ~. irCpMAf= 1 



V2CM-3nT2 



NOTE! «EA$UReMENT POtMTS I^L-WHl '^U 
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^9. 27 - Tim ing Olmgrams 



CPP68HC05P2 



ss 

(INPUT) 



SCK 

(output) 



HELD HIGH ON MASTER 



MISO 
(INPUT) 



MOSI 
(OUTPUT) 



*<6> 



3: 



X 



— © 



-N— 



(c) SPI Master Timing CPOL = 0, CPHA = 0. 



92CM-39372 



DC 
UJ 



ss 

(INPUT) 



SCK 
(OUTPUT) 



MISO 
(INPUT) 



MOSI 
(OUTPUT) 



X 



-ay 



HELD HIGH ON MASTER 



*<z>*\ 



X 



-©- 



X 



•V 

At 



X 



X 



(d) SPI Master Timinjgip^L = 1. CPHA = 

note: measurement points are Vol.Voh>V|l*'*''^IH 



X 
X 



Fig. 27 - Timing Diagrama {ContlmMH) 




Ml so HIGH 
(OUTPUT) 



YYVYYVT 



*<!>-t 

(e) SPI Stave Timing CPOL = 0. CPHA = } 



92CM-393T2 



IIMRUTl 



SC K 
(INPUT) 



MISO 
(OUTPUT) 



\ 



LAST BIT 
TRANSMITTED 



X 



MOSI 
(INPUT) 



-O 



At 



X 



X 



©- 



(•/J SPI Slave Timing CPOL = 1, CPHA = 1 



92CM- 39372 



NOTE: MEASUREMENT POINTS ARE Vo,_,Vq,,,V, ^, AND V,))- 



Fig. 27 - Timing DIagrunt (Conifnuad) 
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SS 
(INPUT) 



SCK 
( INPUT) 



MISO _ 
tOUTOUT)" 



UNPUT, AAAy^. 



. . (2)— ^ l-r- 1—0* 



0—1 



At 



X 




(g) SPI Slave Timing CPOL = 0, CPHA = 



DOI 



(0 

o 
o 




MISO 
lOUTPUT) 



MOS 

(INPUT) 



— © 



f/ij SP/ SteinjJ^fl^ CPOL = i, CPHA = &" 



note: MpUUREMENT POINTS ARE Vol>Voh-V||, 



92CD-3S372 

• -••Ji'. ' •>! ;l^•>J V'(. t; v' ^ij j2 , , 



F/g. 27 - Timing Diagrams [Concluded) 
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8-Bit Microcontroller Series 



Features 

The following are some of the hardware and software highlights 
of the CDP^C05J3 family of hlCMOS Iwlksrocomput^rs. 

HARDWARE FEATURES 

• HCMOS Technology 

• 8-Btt Archltectura . . . 

• Power-Saving STOP, WAIT, and Data R^^tion Modes 

• Fully Static Operation 

• On-Chip Memory 

- 2,352 bytes of ROM 

- 128 bytes of RAM 

• 12 Bidirectional I/O Lines 

- 8 Software Programmable as Open Drain 

- 4 Inlerruptible Inputs 

• Internal 16-Blt Timer 

- Output Compare 

- Input Capture 

- Separate Timer Oscillator Allows: 

- Timing During Power Saving Mode 

- Counting of External Events 

• Self-Cheek Mode 

• External, Tlmer,,and Port B Interrupts 

• Master Reset and Ponwr-On Reset 

• On-ChIp Oscillator with RC or Crystal Mask Options 

• CDP68HC05J3 

- 4.2MHz Operating Frequency (2.1MHz Internal Bus 
Frequency) at 5V; 2.0MHz at 3.0V 

- Single 3.0V to 8.0V Supply (2.0V DaU Retention) 

• CDP68HCL05J3 

- Lower Supply Current, Igo In RUN, WAIT and STOP 
Modes at 5.5V, 3.6V and ^4V 

- Single 2.4V to 6.0V Supply (2VDa^iHMnUon) . 

• CDP68HSC05J3 

- 8.0MHz Operating Frequency (4.0MHZ li^riml Bus 
Frequency) 

- Single 3.0V to 6.0V Supply ^OVEtalaRMntion} 

SOFTWARE FEATURES 

• Supports Full CDP68HC0S Instruction Set 

• 8 X 8 Unsigned Multiply Instruction 

• True Bit-Manipulation 

• Two Power Saving Standby Modes 

• Efficient Use of Program Space 

• Memory Mapped VO 



Description 

The CDP68HC05J3 HCMOS Microcomputer is a member of 
the CDP68HC05 family of single chip microcomputers. This 8- 
bit microcomputer unit (MCU) contains a CPU, 128 bytes of 
RAM, 2,352 bytes of masked ROM, a flexible 16-bit timer with 
input capture and output compare features, 12 bidirectional I/O 
lines (eight programmable as open drain outputs and four pro- 
grammable as interruptible inputs), an on-chip oscillator, and 
an optional, independent oscillator for the 1 6-bit timer. The fully 
static design allows operation at frequencies down to DC, fur- 
ther reducing the already low, power consumption. 

The timer can be used Ibr pulse width measurements, timing, or 
event counting. Optionally, the timer can run off an oscillator that 
is independent of (and typically at a lower frequency than) the 
CPU oscillator. The dedicated timer oscillator allows timekeeping 

functions to tie maintained during the low power STOP mode. 

In conjunction with the open drain outputs, the four interrupt- 
ible Port B lines can be used for switch scanning. 

The interruptible port lines provkle additional interrupts and 
can be used to exit the power down modes. 

The CDP68HCL05J3 MCU device is a low-power version of 
the CDP68HC05J3 with lower power consumption in the 
RUN, WAIT, and STOP modes; and tow voltage operation 
down to 2.4V. 

The CDP68HSC05J3 MCU device is a high-speed version 
of the CDP68HC05J3 with up to 8.0MHz operation. 

The CDP68HC05J3 family supports the full CDP68HC05 
instruction set. Development can t>e performed with tools 
supplied by Harris or offered by numerous third party ven- 
dors. Available \oe^ include assemblers, compilers, and 
ICE systems. 

The CDP68HC05J3 is supplied in a 20 lead dual-in-line plas- 
tic package (E suffix) and in a 20 lead small outline plastic 
package (M suffix). 



CDP68HC05J3 (SOIC, PDIP) 
TOP VIEW 



hESET [T ^ 




IRQ [2 


i»| osci 


PAT [3 


18] 0SC2 


PA6 Q 


17] TCAP/TOSCI 


PAS [S 


1«| TCMP/TOSC2 


PA4[6 


15| PBS 


PAS [7 


14] PB2 


PA2 |T 


13] PB1 


PA1 [T 


12] PBO 


paqQc 


n]v„ 



CAUTION: These devices are sensitive to 
Copyright ® Harris Corporation 1994 
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Block Diagram 



TCAP/T0SC1 



TCMP/TOSC2 



INTERNAL 
PROCESSOR 
CLOCK 



TIMER SYSTEM 



< 



PA04 
PA14 
PAZ 4 
PAS 4 
PA44 
PAS') 
PA64 
PA7-< 



PORT 


DATA 


A 


DIR 


REG 


REQ 



PBO'< > 






PORT 


DATA 


FBI f — » 


B 


DIR 


PB2 4 — 1 


REG 


REG 


PBS < « 







0SC1 



0SC2 



OSCtLXATOR 
AND -1-2 



•en ;-'!-; oi.. 



INTERNAL 

PROCESSOR 

CLOCK 



' RESET 



-iRS 



ACCUMULATOR 
1 A 




CPU 
CONTROL 


INDEX 

8 REGISTER X 


CONDITION CODE 
5 REGISTER CC 


CPU 


STACK 
6 POINTER SP 


PROGRAM 
4 COUNTER HIGH PCH 




ALU 


PROGRAM 
8 COUNTER LOW PCL 




1 




T 


1 



2112x8 
ROM 



240 x8 

SELF-CHECK 
ROM 



128x8 
STATIC RAM 
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Power Considerations 

The average chip-junction temperature, Tj, in % can be 

obtained from: 

Tj = TA-t-(PD*OjA) (EQ.1) 

Where: = Ambient Temperature, °C 

SjA = Pacl<age Thermal Resistance. 
Junction-to-Ambienf, °C/W 

Pq = P|NT + P|/o 
Pint = 'cc x Vqc. Watts - Chip internal Power 
P|/o - Power Dissipation on Input and Output 
Pins - User Determined 

For most applications P|/o < Pint and can be neglected. 

An approximate relationship tietween Pq and Tj (If P|/q is 
neglected) is: ^ . . 

Pd = K + (Tj + 2730C) (BO^a) 

Solving Equation 1 and Equation 2 for K gives: 

K = PD'(TA+273°C) + ejA«PD2 (EQ. 3) 

Where K Is a constant pertaining to the particular part. K can 
be determined from Equation 3 by measuring Pq (at equilib- 
rium) for a known T^. Using this value of K the values of Po 
and Tj can be obtained by solvng Equation 1 and Ec^tion 2 
itsotively fpriiiy v^u9 of ¥a- 



PINS 


R1 


R2 


c 


Vqo = 4.5V: PAO-7. PBO-3 


3.26a 


2.38n 


50pF 


Vdd = 3.0V: PAO-7, PBO-3 


io.i9n 


6,32n 


50pF 



TEST 
POINT 



C 

(SEE I 
TABLE) 



(SEE TABLE) 



(SEE TABLE) 



EQUIVAIJENT TEST LOAD 



2-95 



Supply Voltage (Voo) -0^ to +7.0V 

Input Voltage (V|n) Vss -O-SV to Voo +0^ 

Self-Check Mode (V|n) 

IRQ Pin Only .Vss -0-3Vto2xV|X)-»0.3V 

Current Drain Per Pin (I) 

Excluding Vpo and Vss ■ • • • • 25mA 

Storage Temperature Range (Jstq) • • • ■*5°C to +150'C 



Thermal Resistance Bja 

Pla^ DIP Package 60°C/w 

Plastic SOIC Package 75°C/W 

JundtkMi Temperature +150°C 



CAUTION: Slrasses abovt those tslad In '>U»oA/ts Uudmum RaHngi' mty cause pemitnani dtmagi ta tm dm/km. TNt It * sfrM* only mtng and apmVon 
of»Md»¥lc»allhamormyolhtreondmttii^aimlhemMtm»dlnlhaof»nlk>nalsa<am 



Operating Conditions 

Operating Temperature Range (T*) -40°C to +125^ Input High Voltage (O.S'Vqo) to Voo 

LowPcmfer (Wto+7tfV 

Highspeed f. ; 0»Cto+70°C 



DC EtecMcal Specifications Vqd = SV±10%. Vss ° 0V, = -40<>C to 4-125%, unless otherwise specified. 



PARAMETER 


SYMBOL 


CONDmONS 


MIN 


TYP 


MAX 


UNITS 


Output VbttBoe 


Vol 


Iloao<10mA 






0.1 


V 




VoH 




Voo -0.1 






V 


Output High Voltage: PAO-7, PBO-3, TCMP 


VOH 


Iload = -0.8mA 


Voo -0.8 


- 


- 


V 


Output Low Voltage: PAO-7, PBO-3, TCMP 


Vol 


IlQ*D = 1-6inA 


- 


- 


0.4 


V 


Input High Voltage: PAO-7, PBO-3, OSC1, TCAP/ 
TOSC1 


V|H 




- 


0.5'Vdo 


0.7.VDD 


V 


Input High Voltage: RESET, IRQ 


V|H 






0.5'Vdd 


3.5 


V 


Input Low Voltage: PAO-7, PBO-3, OSC1 , TCAP/ 
TOSC1 


V|L 




0.3«VoD 


0.5«Vdd 


- 


V 


input LOW voiiaye. ntoc i , inu 


V|L 




u.o 


U.J*Vqd 




V 


Input Hysteresis Voltage: RESET, IRQ 


Vhys 




0.5 


1.0 




V 


Data Retention Voltage 


VRM 


0°C to +70°C 


2 






V 


Supply Currant (Notes 1 , 2) 
RUN 


'run 






2.0 


4.0 


mA 


WAIT 


'wait 






0.8 


1.6 


mA 


STOP 


IsTOP 


Ta = -40°C to +125''C 




20 


40 


HA 


I/O Pons Hl-Z Leakage Current PAO-7, PBO-3 


i|L 








±10 


HA 


Input Cun-ent: rtlSii', W. TC/mtsifct, 

0SC1 


l|N 








±1 


HA 


Capacitance: (Note 2) 


Col;t 








12 


pF 


RESET. IRQ. TCAP/T0SC1, OSC1, PAO-7, PB(M 










8 





NOTES: 



1 . This devk» contains dmiltiy to protect the inputs against damage due to high ^tlc voltages of stearic fletds; however. It Is advised that 
nomnl precautions IM taken to mold appfication of any voltage higher than maximum rated voltages to lite hl{^ Inn^^ 

peeper operation It is racoinmended Ihat V|N and Vour be constrained to Oie range Vss < (V|N or Vout) < Vdo. Rslial^ 
enhanced R unused Inputo except 0SC2 are connected to an appropriate kigic voltma level (e.g., either Vss or Vqd). 

2. Includes Ports used as inputOulpirtl'ins, Porto used as iiq)Ut only Pins; Porte used as Ougsut only Pin& 



DC Electrleal SpecMcaUons Vqo - s^dc a^wt, '^t 


i8*>IIVb&TA«<40»C«t-(48S%, Unk 


ml 


SOwnnisi 


S'Spaonad. 






PARAMETER 


SYMBOL 


CCiNOfildNS' 


HIN 




MAX 


UNITS 






Oiitnift X/nltflna 


Vn 


It /lAn <10uA 






0.1 


V 








VoH 




Vdd -0-1 






V 






Output High Voltage: PAO-7, PBO-3, TCMP 


VOH 


Iload = -0.2mA 


Vdd -0.3 


- 


- 


V 






Output Low Voltage: PAO-7, PBO-3, TCMP 


Vol 


'load = 0.4mA 


- 


• 


0.3 


V 






Input High Voltage: PAO-7, PBO-3, 0SC1, TCAP/ 

T0SC1 


V|H 




- 


0.5«Vdd 


0.7.Vdd 


V 






input High Voltage: RESET, IRQ 


Viu 
' In 






0.5-Vdd 


2.5 


V 






input Low Voltage: PAO-7, PBO-3. 0SC1, TCAP/ 
T0SC1 


V|L 




0.2-Vdd 


0.5'Vdd 


- 


V 






Input Low Voltage: RESET, IRQ 


V|L 




0.5 


O.3.V00 


- 


V 






Input Hysteresis Voltage: RESET, IRQ 


Vhys 




0.3 


0.6 




V 






Data Retention Voltage 


Vrm 


0°C to +70°C 


2 


. 




V 






Supply Currant (Notes 1 , 2) 
RUN 


'run 






1.2 


2.4 


mA 






WAIT 


hwUT 






0.5 


1.0 








STOP 


'stop 


TA = -40°Cto+125°C 


- 


10 


20 


ma 






I/O Ports Hi-Z Leakage Current PAO-7, PBO-3 


llL 








±10 


HA 






Input Current RESET, i^, TCAP/T0SC1, 

0SC1 


l|N 








±1 


ma 






Capacitance: (Note 2) 


CoLTT 








12 


pF 






RESET, IRQ, TCAP/T0SC1, OSC1, PAO-7, PBO- 

3 










8 


pF 




NOTES: 

1 . This device contains dtcuitiy to protect the Inputs against damage due to high static voltages of electric fields; however, it Is advised that 
normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high impedance circuit For 
proper operation it is recommended that V|n and Vqut be constrained to the range Vss < (Vjn or Voyy) < Vo^. Reliability of operatien is 
enhanced If unused Inputs except OSC2 are connected to an appropriate logic voltage level (e.g., either Vss °' Vpo)- 

2. Includes F^)rts used as liipiA/Output Pins, Ports used w Input only Pia^ Parts . 


Control Timing Vdd = 5V ±i o%, Vgs = ov, t 


^ = -40°Cto+125°C 


















PARAMETER 


SYMBOL 


CONDmONS 


MIN 


TYP 


lUlAX 


UNITS 






Frequency Of Operation 

Crystal Option 


fosc 








4.2 


MHz 






External Clock Option 


fosc 




DC 




4.2 


MHz 






Internal Operating Frequency 
Crystal (fosc + 2) 


iop 


i — 






2.1 


MHz 






External Clock (^)Gc 2) / 


fop 




DC 




2.1 


MHz 






Cycle Time 


tcYC 




ASO 






ns 






Crystal OscHlalor Stait-Up Time for AT-Cut Crystal 


toxov 








100 


ms 
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Speel^eaffons (^PI^HC(MJ3 



Control Timrng Vqd = sv ±10%, Vss = w,t^ = -4o°c to +I2s°c (ConibiuMi) 



D A D A U FTCQ 

rAMAMt 1 tn 


o T M 




MIN 


TYP 


MAX 


UNITS 


olop rtscovsry oian~up iinw vai-oui urysiai 
Oscillator) 


•iLCH 












RESET Pulse Widlh 


tn. 




1.5 


- 


- 


tcYC 


Timer 

Resolution (Note 1) 


(res 




4.0 






tcYC 


Input Capture Pulse Width 


tjH. tn. 




125 






ns 


Input Capture Pulse Period 


'tltl 




(Note 2) 






tcYC 


Interrupt PUse Width Low (Edge-Triggered) 


•lUH 
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Intenupt Pulse Period 


•lUH 
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0SC1 Pulse Width 


lbM>tOL 
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NOTES: 

1 . SitK» a2-btt prescaler In the timer must count four internal cycles (tcYc)- this is the IMtir)g mininuim factor in determinirtg ttie timer resolution. 

2. The minimum period tji.TL should not t>e less than the number of cycle times It taices to execute the capture intenupt sen/ice routine plus 

24 tcYC- 



3. The minirnumperi^tiiji, should tud be less ttian the nunrtw of cycle tlines it tcvc- 



Control Timing Vdd = 3.3V ±i o%, Vgs = ov, t^ = -4o°c to +i 25''c 



PARAMETER 


SYMBOL 


CONDITIONS 
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TYP 
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UNITS 


Frequency Of Operation 
Crystal Option 
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2.0 


MHz 


""IpBSIil Clock Option 


fosc 




DC 




2.0 


MHz 


Internal Operating Frequency 
Crystal (fosc + 2) 


'op 








1.0 


MHz 


External Clocl< (fosc + 2) 


'op 




DC 




1.0 


MHz 


Cycle Time 


tcYC 




1000 






ns 


Crystal Oscillator Start-up Time for AT-cut Crystal 


kjxov 








100 


ms 


Stop Recovery Start-up Time (AT<Lit Crystal 
Oscillator) 


•iLCH 








100 


ms 


RESET Pulse WWth 


Irl 




1.5 






tcYC 


Timer 

ResduOon (Note 1) 


(res 




4.0 






tcYC 


Input Capture Pulse Width 


Hx-'tl 




250 






ns 


Input Capture Pulse Period 


'tltl 




(Note 2) 






tcYC 


Interrupt Pulse Width Low (Edge-Triggered) 


l|UH 




250 






ns 


Interrupt Pulse Period 






(Note 3) 






ICYC 


OSC1 PulseWldth 






aoo 






ns 



NOTES: 



1. Slncea2-bttprescalerlnthellinerinustcountlburinlenMlcycles(tc^c)i''<'sis^ 

2. The laMnumjwriodtnjL ■*<<><''<' "<>ll>B lass than to 

2*tcK- - ^ 

3. The iMilifHim period t|uL should not be less than the rwmber of cydethnes it takes to execute Icyc- 
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"ETERNAL ■kkx'kkkkkWb<k'kb<;kVb<Vk^<VkkkVkWkkkkxk\ 



NOTES: 

1 . Represents the internal gating of the 0SC1 pin. 

2. ITO pin edge-sensittve mask option. ~ 

3. iS5 pin lewl and eclgb s onalll l w mask option. 
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and Self-Check 

This section provides a description of the functional pins, 
Input/output programming, memory, CPU registers, and self- 
check features of the CDP68HC05J3. 

FUNCXtraHALeM DESCmiPIION. . 

VpD and Vss 

Power Is supplied to the MCU using these two pins. Vqd >s a 
positive voltage with respect to Vss (ground). 

IRQ (Maskable Interrupt Request) 

IRQ is a programmable option which provides two different 
choices of interrupt triggering sensitivity. These cpftons are: 

1 . negative edge-sensitive triggering only, or 

2. both negative edge-sensitive and level-sensitive trigger- 
ing. 

In the latter case, either type of input to the IRQ pin will pro- 
duce an interrupt. The MCU completes the current Instruc- 
tion before It responds to the Interrupt request. When the 
IRQ pin goes low for at least one tiyn. a logic one is latched 
internally to signify an interrupt has been requested. When 
the MCU completes its current instruction, the interrupt latch 
Is tested. If the interrupt latch contains a logic one, and the 
Interrupt mask bit (I bit) in the condition code register is Clear, 
the MCU then begins the Interrupt sequence. 

If the op tion Is selected to Include levei-sensltive triggering, 
then the IRQ input can be connected to Vdq via an external 
resistor to permit "wire OR etf* o peration. See INTERRUPTS 
for more detail concerning IRQ interrupts. 

RESET 

The RESET Input Is not required for start-up but can be used 
to reset the MCU internal state and provkle an orderly soft- 
ware start-up procedure. Refer to f^ETS^M4H(liliiMd 
description. 

TCAP/TOSCIN 

The TCAP input controls the Input capture feature for the on- 
chip programmable timer system. Refer to Input Capture 
Register for additional information. If bit 3 of the Oscillator 
Control Register (OCR) Is set, then TOSCIN Is used as the 
clock source for the internal timer. If bit 4 of the OCR is set 
then TOSCIN together with TOSCOUT can be used to cre- 
ate a crystal oscillator. 

TCMP/TOSCOUT 

The TCMP pin provkles an output for the output compare 
feature of the on-chip tinier system. Refer to Output Com* 
pare Reglslar for additkml infbiinatk)n. If bit 4 of the Oscil- 
lator Control Register (OCR) is s^ Wien TOSCOUT Is used 
together wHh TOSCIN to create a oystal oscilWor circutL 



ing device manufacturing, to accept either a crystal or an RC 
network to control the internal oscillator. The internal clocks 
are derived by a divkle-by-two of the external oscillator fre- 
quency (fosc)- 

Crystal 

The circuit shown In Ftgure 3C is reconnnended wfien using 
a crystal. The internal oscillator is designed to interface with 
an AT-Cut parallel resonant quartz crystal resonator In the 
frequency range specified for fosc Control Timing. Use of 
an external CMOS oscillator Is recommended when crystals 
outside the specified ranges are to be used. The crystal and 
components should be mounted as close as possible to the 
Input pins to minimize output distoitk)n and start-up stabiliza- 
tion time. Referlo.ELEei1«CALSI>ECIRQaiOII^ ifor V^d 
specifications. 
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RGURE3A. Cin^ALRraaiMTOR PARAMETERS 

Ceramic Resonator 



A ceramic resonator may t>e used in place of the crystal in 
cost sensitive applications. The circuit In Figure 3C Is recom- 
mended when using a ceramic resonator. Figure 3B lists the 
recommended capacitance and feedback resistance values. 
The manufacturer of the particular ceramk: resonator being 
considered should be consulted for specific Information. 
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FIGURE 3B. CRYSTAL RESONATOR PARAMETERS 
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CDP68HC05J3 
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EXIERNAL CLOCK 



nOURE aF. EXTERNAL CLOCK SOURCE CONfffiCTIONS 

neuasx oaauMmewmEsnoNs 

RC 

If the RC oscillator option is seleeled, than a fMiclor is con- 
nected to the oscillator pins w-ahown in Figure 3E. 

External Clocic 

An external clock should be applied to the OSCIN Input with the 
OSCOUT output not connected, as shown In Figure 3F. An 
external clock; may tie used with either ttie RC or crystal oscillator 
option. The toxov or Iilch specifications do not apply vrfien 
using an external clock input. The equivalent specification of the 

external ckx:k source should IM used in lieu of tQxov 0'' tliCH- 

PAo-m? 

These eight I/O lines comprise port A. The function of any 
pin Is software programmable to be an Input, an output, or 
an open drain output. All port A lines are configured as 
inputs during power-on or reset. Refer to Input/Output Pro- 
gramming for a detalad dsacripHon of I/O piogmmming. 

PB0-PB3 

These four lines comprise port B. The function of any pin is 
software programmable to be an Input or an output AcUltion- 
ally, each pin can be individualiy programmed to generate an 
interrupt when the pin is low. AH port B Ines are configured as 
inputs during power-on or reseL Refer to Input/Output Pro- 
gramming for a detailed description of I/O programming. 



limnyOUTPIITFM>OfllMIHIIiN&- ^ 
Parallel Ports 

The 12 I/O lines associated with Ports A and B may be indi- 
vidually programmed as an input or an output. The direction of 
each pin is determined by the state of the corresponding bit in 
the port data direction register (DDR). A port pin is configured 
as an output If its corresponding DOR bit Is set to a logic one. 
A pin is configured as an input if its corresponding DDR bit Is 
cleared to a logic zero. At power-on or RESET, all DDRs are 
cieaied, which configures ail port A and B pins as Inpute. The 
data direction registers are capable of being written to or read 
by the processor. Refer to Figure 4, .Rgure 5 and Table 1 . Dur- 
ing the programmed output state, .a read of the data register 
actual^ reads the value of Vne output latch and not the I/O pin. 
As an example, if a port bit is set to be a high output and it is 
pulled low by an external load, reading the port will provide a 
high reading for that btt. 
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PORT NOT OPEN DRAIN 



PORTDATA 
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3>Ht 







PAD 







(NOTE 1) 



NOTES: 

1. Denotes devices have same physical Size, and are 

enhancement type. 

2. IP > Input Protection. 
^'"faO^WIp.eiMection not shown. 

FIGURE 40. 

mURE 4. TYPICAL PARALLEL VO CIRCUITRY 



TABLE 1. PCH#*MfH-TA&LB 



(NOTE 1) 
R/W 


DDR 


l/D PIN FUNCTION 








The I/O pin is in input mode. 

Data is written into the output data latcti 





1 


Data Is written into the output data latch 
and output to the I/O pin. 


1 





The state of the I/O pin is read. 


1 


1 


The I/O pin Is In output mode. 
The oulpul'data tanBtrb taad. 



NOTE: 

1. FVWk ahmtafflaiaidnai. 
POI1A0-A7 

The Pott A [Jata Register (DR) Is located at $000 and the 
Port A Data Direction Register (DDR) is located at $002. In 
addition to data direction control provided by the Port A 
DDR, Port A I/O pins can be individually configured as open- 
drain N-FETs. Setting a bit in the Port A Open Drain Register 
(ODR, location $004), configures the corresponding Port A 
output pin as an open drain, if the pin is set as an output in 
the Port A DDR. Setting a bit in the Port A ODR has no effect 
on pins that are programmed ^ iripM^ hi the PDR. unless 
the pin is subsequently programmed as an output. A pin that 
is open drain will be high irg^gi^^Qf when the Port A DR bit 
is high and it will be active low when the Port A DR bit is low. 

All bits in the Port A DDR and ODR are cleared by power-on 
and RESET. Bits in the Port A DR are unaffected by power- 
on and RESET. 



PortB0-B3 

The Port B Data Register (DR) is located at $001 and the 
Port B Data Direction Register (DDR) Is located at $003. In 
addition to data direction control provided by the Port B 
DDR, Port B I/O pins can be individually configured as low 
level sensitive interrujst Inputs. Associated with each of the 
four pins of Port B is a bit in the Port B Interrupt Enable Reg- 
ister jBpttos|typ^||QO|V<^^ P^^f4rtlemiRlF!afl Reg- 
ister 0>^. Iocation'$od6). ■■' • ' ■ ' ' 

Whenever a Port B pin Is brought low (either pulled low by 
an external source, when the pin is programmed as an input, 
or set low in the Port B DR, when the pin is programmed as 
an output) the associated flag in the Port B IFR will be set. 
Even when the pin returns to a high level the IFR bit will 
remain set. The IFR bits can only be cleared by RESET or 
by explicA^ wrttmeA^ t9 this4i)|jln «!»,IFa - . 

When interrupts are not enabled the IFR can be used to 'cap- 
lute^ low going pulses on the Port B pins for later processing. 
Since even a narrow low pulse will set the IFR bit, the user 
can be assured not to miss a low event If the IFR is examined. 
Once the Port B DR bit iretums high, the IFR bit should be 
cleared to "rearm" the IFR lb GafXuta the next pulse. 

If a bit In the IFR Is set, a Port B interrupt will be generated if 
the associated bit in the Port B lER is set and the CPU has 
enabled interrupts by clearing the I mask bit. See INTER- 
RUPTS for more information. Generally the user will want to 
clear the appropriate IFR blt(s) before setting the Port B lER 
blt(s). This will insure only future events will trigger interrupts 
and not a past event which was "c|ptiu|»d" by the IFR 
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FIGURE 5. PORT B INTERRUPT LOGIC FUNCTUNAL DIAGRAM 
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In the first case, since the IFH has not been cleared, setting 
the lER bit high, at any future time, will cause a Port B Inter- 
rupt, unless the IFR bit is first cleared. In the second case, if 
the source of the interrupt is still exerting a low on the Port B 
pin, a new Interrupt will immediately be forced, unless the 
lER bit was also cleared, prior to the IFR bit. 

All bits in the Port B IFR, lER, and DDR are cleared by 
power-up and RESET. The Port B DR is unaffected by pow- 
erup and RESET. All unused bits in the Port B registers are 
read as (Vs. 

MEMORY 

Figure 6 illustrates the address map of the J3. As shovm the 
memory consists of 128 bytes of RAM between $080 and 
$OFF. The upper 64 bytes of RAM is used for a system stack 
which grows from higher addresses towards lower 
addresses. Locations $100 through $900 contain 2048 bytes 
of ROM for user code. A 240 byte "SelfCheck" routine is 
located from $F00 through $FF0 (see SeHcheck). 

CPU REGISTER MODEL 

The CPU contains five registers, as shown In the programing 
model of Figure 7. The fntsmipt stacHdng order is shown In 

Figure 8. 

NOTE: Sines the Stack Painter decrements during pushes, the PCL 
is staekedHrst-lulhmwi by POU. Mm. Vu/Dnu hum Uu slack is In ttie 
reverse Older. 

Accumulator (A) 

The accumulator is an 8-bit general purpose register used to 
hold operands, results of the aiMw w r U c cakajlatkxis, ind 
data manipulations. 

Index Raglslw (X) 

The X register is an 8-bit register whk:h Is used during the 
indexed modes of addressing. It provides an 8-bit value 
whteh Is used to create an effective address. The index reg- 
ister is also used for data manipulations with the read-mod- 
ify-write type of instructions and as a temporary storage 
register when not performing addressing operations. 

Program Counter (PC) 

The program counter Is a 12-bit register that contains the 
address of the next instniction to be executed by the processor. 

Stack Pointer (SP) 

The stack pointer is a 12-bit register containing the address 
of the next free location on the pushdown/popup stack. 
When accessing memory, the most significant bits are per- 
manently configured to 000011. These bits are appended to 
the six least significant register bits to produce an address 
within the range of $0FF to $0C0. The stack area of RAM is 
used to store the return address on subroutine calls and the 
machine state during interrupts. During external or power-on 
reset, and during a reset stack pointer (RSP) instruction, the 
stack pointer is set to its upper limit ($OFF). Nested intenupt 
and/or subroutines may use up to 64 (decimal) locations. 
When the 64 locations are exceeded, the stack pointer 
wraps around and points to its upper limit ($OFF), thus, over- 



, . V,, «H«Mt wiiiio all HKOIIU^I 

uses five RAM bytes. 
Condition Code Register (CC) 

The condition code register Is a 5-blt register which indicates 
the results of the instruction just executed as well as the 
state of the processor. These bits can be individually tested 
by a program and specified action taken as a result of their 
state. Each bit is explained in the following paragraphs. 

Half Carry Bit (H) 

The H bit is set to a one when a oanry occurs between bits 3 
and 4 of the ALU during an ADD or ADC instruction. The H 
bit is useful in binaiy coded decimal sutwoutines. 

interrupt Mask Bit (i) 

When the I bit is set, all interrupts are disabled. Clearing this 
bit enables the interrupts. If an external Interrupt occurs 
while the I bit is set, the Interrupt is latched and processed 
after the I bit is next cleared; therefore, no Interrupts are lost 
because of the I bit being set. An internal interrupt can be 
k>st if it is cleared while the i bit is set (refer to Programma- 
bl« Unwr Section for more infomiation). 

NmMhm(N) 

When set, this bit indteates that the result of the last arith- 
metic, ksgtoal, or data manipulation is negative (bit 7 in the 
result Is a logk; one). 

Zero (Z) 

When set, this bit indicates that the result of the last arith- 
metw, k)gical, or data man||^l$4k3n is zero. 

Carry/Borrow (C) 

Indicates that a carry or borrow out of the arithmetic logic 
unit (ALU) occurred during the last arithmetk: operation. This 
bit Is also affected during bK test and branch instructkms, 
shifts, and rotates. 

SELFCHECK 

The selfcheck capability of the CDP68HG05J3 MCU pro- 
vides an internal check to determine if the device is func- 
tional. Selfcheck is performed using the circuit shown in the 
schematic diagram of Figure 9. As shown in the diagram, 
Port A pins PA0-PA3 are connected to light emitting diodes 
which display the result of the test. The selfcheck mode is 
entered by applying a 9Vqc input (through a 4.7kn resistor) 
to the IRQ pin (2) and a 5Vqc input (through a 4.7kn resis- 
tor) to the TCAP pin (17) and then depressing the reset 
swritch to execute a reset. After reset, the PAO pin is first 
tested for a lo^o 1 (supplied by the LEO) then the folk>wing 
seven tests are performed automatically: 

VOTeat 

Functionally eXM^ses-poits A and B. 
RAM Test 

Tests each RAM byte by incrementing from $00 to $FF then 
incrementing tvnce more to $01. The value in the RAM ioca- 
tkxi is tested after each increment 
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NOTES: 

1 . Internal timing signal and bus Informatkm is not available exlsmally. 

2. OSC1 line is not meant to Fspresentlrequency.lt is only meant to represent Ume. 



3. Ttie next rising edge of tt)e Internal processor dock following the rising edge of RESET initiates tha reset sequence. 

RGURE 10. POWER-ON RESET AND RESET 
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Port Blntomipl Tests 

Tests for proper operas of interrupts on each of the four, 
Port B inputs. . .^v 

Timer Teat 

Verifies counter renter Is fxbperiy athtmeimriit^ checks 
OCF flags. 

External Timer Clock Test 

Verifies proper counting via the external oscillator pin (17). 
ROM Test 

Exclusive OR of all ROM locations with odd one's parity 

result. 

Interrupts Test 

Tests SWI, Kclemal, timer, aiKt Port B intenupts. 

Selfcheck results (using the LEDs as monitors) are shown in 
Table 2. The following subroutines are available to user pro- 
grams and do not require any odemal hardwae^" 



TABLE 2. SELFCHECK RESULTS 



PA3 


PA2 


PA1 


PAD 


REMARKS 


1 





1 





Failed RAM Test 


1 





1 


1 


Failed Port B Inlamipl Taste 


1 


1 








Failed 16-tiit Timer Tests 


1 


1 





1 


Bad External Timer Oscillator 


1 


1 


1 





Failed ROM Checksum Test 


1 


1 


1 


1 


Failed Interrupt Tests 


Flashing 


Good Devk;e 


All Others 


Bad port A or B or Unknown Failure 



lndk»tes LED is On; 1 lndk»tes LED is Off 



Timer Test Subroutine 

This sutMOutine returns wHh the Z bit cleared if any error is 
deteMd; oth^twise, the Z biLis.set. This subroutine is c^led 
at IbceMon $FBC. The dirtput ccMnpare rsglst^ isfirst.setlo 
the current timer state. Because the timer is free running and 
has only a divkJe-by-four prescaler, each timer count cannot 
t>e tested. The test tracks the counter until the timer wraps 
around, triggering the output compare flag in the timer status 
register. RAM locations $0B0 and $081 are ovenwritten. 
Upon retum to the user's program, X - 40. If the test passed, 
A = OandZ= 1. 

Rom Checksum Test Sutwoutlne 

This subroutine returns with the Z bit cleared if any error is 
detected; otherwise, the Z bit is set. This subroutine is 
called at location $F86 with RAM location $083 equal to 
$01 and A = 0. A short routine is set up and executed in 
RAM to compute a checksum of the entire ROM pattern. 
Upon return to the user's program, X = 0. if the test passed, 
A = and Z = 1. RAM h>oatlons $080 through $083 are 
overwritten. 



Resets, Interrupts, and Low Power Modes 

RESETS 

The MCU has two reset modes: an active tow external reset pin 
(RESET) and a power-on reset functkxi; refer to Figure 10. 

RESET Pin 

The RESET input pin is used to reset the MCU to provkJe an 
orderly software st art-up pr ocedure. When using the exter- 
nal reset mode, the RESET pin jmststay k>w for a minimum 
of one and one half t^c- RESET pin contains an inter- 
nal Schmitt Trigger as part of Its input to improve noise 
immunity. 

Power-On Reset 

The power-on reset occurs when a positive transition is 
detected on Vqq. The power-on reset is used strictly for 
power turn-on conditions and shouM not be used to detect 
any drops In the power supply voltage. There is no provisk>n 
for a power-down reset. 

If the crystal oscillator option is chosen, the power-on cir- 
cuitry provMes for a 4064 tcyc delay fr om the t ime that the 
oscWator beodmes active. If the external RESET pin is k>w at 
the end of the 4064 tcvQ^Umeout, the processor remains in 
the reset condition until RESET goes high. 

If the RC oscillator option is chosen, the power-on circuitry 
provides a 2 tcvc delay from the tim e that the oscillator 
becomes active. If the external RESET pin is low at the end 
of the 2 tcYC time ou t, the processor remains in the reset 
condition until RESET goes high. Table 3 shows the actions 
of the two resets on internal circuits, but not necessarily in 
order of occurrence (X indkxites that the condition occurs for 
the particular reset). 

INTERRUPTS 

Systems often require that normal processing be interrupted 
so that some external event may be serviced. The 
CDP68I-IC0SJ3 may i>e interrupted by one of four different 
methods: either one of three maskable hardware interrupts 
(IRQ, Port B, or Timer) and one non-maskable software 
interrupt (SWI). Interrupts such as Timer and Port B have 
I^Merai tjag and status biU which control the interrupt Gen- 
eraNy, internjpt flags are kxated in read-only status register, 
whereas their equivalent enable bits are located in associ- 
ated control registers. The interrupt flags and enable bits are 
never contained in the same register. If the enable bit is a 
k>gic zero it btocks the kitetrupl from occurring but does not 
inhibit the flag from being set. Reset clears all enable bits tii 
preclude Interrupts during the reset proceckire. 

Generally, interrupt flags are located in read-only status reg- 
ister, whereas their equivalent enable bits are located in 
associated control registers. The interrupt flags and enable 
bits are never contained in the same register. If the enable 
bit is a logic zero it blocks the interrupt from occurring but 
does rK>t inhibit the flag from t>eing set. Reset clears all 
enat>le bits to preclude interrupts during tfie reset procedure. 

The general sequence for clearing an interrupt is a software 
sequence of first accessing the status register while the 
interrupt flag is set, foitowed by a read or write of an associ- 
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ated register. When any of these Interrupts occur, and if the 
enable bit is a logic 1, nomial processing Is suspended at 
the end of the current Instmction execution. Intemipts cause 
the processor registers to be saved on the stack (see Figure 
8) and the interrupt mask (I bit) set to prevent addittonal 
interrupts. The appropriate Interrupt vector then points to the 
starting address of the interrupt service routine (refer to Rg- 
ure 6for vector locatk}n). Upon completton of the interrupt 
servtoe routine, the Rti instructkm (whteh is nomially a part 
of the senrice routine) causes the register contents to be 
recovered from the stack folknwed t>y a retum to normal pro- 
cessing. The stack order is shown in Figure 8. 

A discussion of Interrupts, plus a table listing vector 
addresses for all interrupt, irteludlng RESET, of thrMeUitt 
provided in Table 4. 

Hardware Controlled Interrupt Sequence 

The following three functions (RESET, STOP, and WAIT) are 
not in the stricter sense an interrupt; however, they are 
acted upon In a similar manner. Flowcharts for hardware 
interrupts are shown In Figure 11, and for STOP and WAIT 
are provided in Figure 12. A discussk)n is provMed belowi, 



(a) RESET - A k>w Input on the RESET input pin causes the 
program to ve<Aor to its starting address which is speci- 
fied by the contents of memory k)cations $FFE and 
$FFF. The I bit in the conditkxi code register is also set. 
Much of the MCy is configured to a known state during 
ttiis type of reeet 'oe previously described in RESETS 
paragraph. 

(b) STOP - The STOP instruction causes the oscillator to 
be turned off and the processor to "sleep" until an exter- 
nal interrupt (IRQ or Port B interrupt) or a RESET or a 
TIMER interrupt occurs. Note that TIMER interrupts can 
only be generated if the external ck)ck for the TIMER is 
enabled. 

(c) WAIT -The WAIT instnicSon causes all processor ck>cks 
to stop, but leaves the Timer running. This 'rest" state of 
the processor can be cleared by RESET, an external 
Mairupt (IRCy. Tlm^fnitarpii^ or Port B intenupL 



TABLE 3. RESET ACTION ON INTERNAL CIRCUIT 



CONDITION 


RESET PIN 


POWEH-ON 
RESET 


OscHlator Start-Up Delay Set to 4064 ^yc (8128 Oscillator Cycles) 


I«ite1 


X 


Timer Pres<;aler Reset to Zero State 


X 


X 


Timer Counter Configured to $FFFC 


X 


X 


Timer Output Compare (TCMP) Bit Reset to Zero 


X 


X 


All Timer Interrupt Enable Bits Cleared (ICIE, OCIE, and TOIE) to Disable Timer Inlsnupts 


X 


X 


Timer OLVL BH is Clearad to Zero 


X 


X 


All Oscillator Control Registsr BKb (EC, EOE, and NOEL) Cleared to Zero 


X 


X 


Both Port A and Port B Data Olractkxi RegistBis Cleared to Zero Configuring All Port PbiB as 

Inputs 


X 


X 


Port A Open Oialn Register Cleared lo Zero 


X 


X 


All Port B Inten'upt Enable Register Bits Cleared to Zero to Disable Interrupts 


X 


X 


All Port B Inlemjpt Flag Register Bits Cleared (If a Pin Is Low ITs Bit WiU Immediately Be Set) 


X 


X 


Configure Stack Pointer to $OFF 


X 


X 


Force Internal Address to the RESET Vector ($FFE) 


X 


X 


Set Bit in Conditfon Code Register tMLagfeOm ta DteaUeM JMamipb Ewept SWI 


X 


X 


Clear External Interrupt Latch 


X 


X 


Clear WAIT Latch 


X 


X 


Clear Stop Latch 


X 

(Note 2) 


X 



(0 
(£ 
UJ 

^ IE 

o 
o 



NOTES: 

1. A delay of 2 (4 oadlalor cycles) is introduced when restarting with RESET, except from STOP mode. 

2. 4064 tcYc oscillator start-up time-out occurs. 
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CLEAR IRQ 

REQUEST 
LATCH 



STACK 
PC, X. A, CO 



SET 
I BIT 



LOAD PC FROM 
IRQ: $FFA - $FFB 
TIMER: SFF8 - $FF9 
PORT B; $FF6 ■ JFF7 



FETCH 
NEXT 
INSTRUCTION 



EXECUTE 
INSTRUCTION 



COMPLETE 
INTERRUPT 
ROUTINE 
AND EXECUTE 



FIGURE tt.,HAIiDIKMEWTERRUPT FLOWCHART 



STOP 



WAIT 



STOP OSCILLATOR 
ANO ALL CLOCKS 




OSaLLATOR ACTIVE 
TiMER CLOCK ACTIVE 



PROCESSOR CLOCKS STOPPED 



TURN ON OSCILLATOR 

WAIT FOR TIME 
DELAY TO STABILiZE 



(1) FETCH RESET VECTOR OB 

(2) SERVICE INTERRUPT 

A. STACK 

B. SET I BIT 

C. VECTOR TO INTERRUPT 
ROUTINE 





RESTART 
PROCESSOR CLOCK 



(1) FETCH RESET VECTOR OR 

(2) SERVICE INTERRUPT 
A. STACK 

B* SET I BIT 

C VECTOR TO INTERRUPT 
ROUTINE 




FIGURE 12. STOP/WAIT FLOWCHARTS 
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TABLE 4. VECTOR ADDRESSES FOR INTERRUPTS AND 
RESET 



level - sensitive triqqer 
'maVk'option' 



REGISTER 


FLAG 
NAME 


INTER- 
RUPTS 


CPU 

INTERRUPT 


VECTOR 
ADDRESS 


N/A 


N/A 


Reset 


RESET 


$FFE-$FFF 


N/A 


N/A 


Software 


SWI 


$Fre-$FFD 


N/A 


N/A 


External 

Interrupi 


IRQ 


JFFA - JFFB 


Timer 
Status 
(TCR) 


ICF 
OCF 
TOF 


Input 
Capture 

Output 
Compare 

Timer 
Overflow 


TIMER 


$FF8 - $FF9 


PortB 
Interrupt 
Flag 


Bit 0-3 


PortBO-3 
Interrupt 


Port B0-B3 


$FF6 - $FF7 


Register 
(IRF) 











There are no special "WAIT" or "STOP' vectors for the inter- 
rupts. When the processor is released from the WAIT or 
STOP state, the same RESET and interrupt vectors are 
used as at all other times. The processor provides no indica- 
tion that a WAIT or STOP state has been exited. 

Software Interrupt (SWI) 

The software interrupt is an executable instruction. The 
action of the SWI instruction is similar to the hardware inter- 
rupts. The SWI is executed regardless of the state of the 
interrupt mask (I bit) in the condition code register. The inter- 
rupt service routine address is specified by the contents of 
memory k>cation $FFC and $FFD, — 

External Interrupt 

If the interrupt mask (I bit) of the condition co de re gister has 
been cleared and the external interrupt pin (IFK3) has gone 
low, then the external Interrupt Is recognized. When the 
intermpt is recognized, the current state of the CPU is 
pushed onto the stack and the i bit is set. This maslcs further 
intenupts until the present one Is serviced. The interrupt ser- 
vice routine address is specified by the contents of memory 
location $FFA and $FFB. Either a level-sensitive and nega- 
tive edge-sensitive trigger, or a negative edge sensitive only 
trigger are available as a mask option. Figure 13 shows both 
a functional and mode timing diagram for the interrupt line. 
The timing diagram shows two dHlerent treatments of the 
interrupt line (IRQ) to the processor. The first m^hod shows 
single pulses on the intenupt line spaced far enough apart to 
be serviced. The minimum time between pulses is a functkxi 
of the number of cycles required to execute the interupt ser- 
vice routine plus 21 cycles. Once a pulse occurs, the next 
pulse should not occur until the MCU software has exited the 
routine (an RTI occurs). The second configuration shows 
several interrupt lines "wire-ORed" to form the interrupts at 
the processor. Thus, if after servicing one interrupt the inter- 
rupt line remains low, then the next interrupt is recognized. 

NOTE: The intamalintemjpttalch Is cleared ki the first part of the sar- 
vtoe routine; therefore, one (and only one) external brtsnupt pUae 
could be latched during t|UL and seivicad as soon as the I bit Is dearad. 




EXTERNAL 
INTERRUPT 
REQUEST 



iBrr(cc) 



POWER-ON RESET 
EXTERNAL RESET 



EXTERNAL INTERRUPT 
BEINO SERVICED 
(READ OF VECTORS) 

FIGURE 13A. EXTERNAL INTERRUPT FUNC110N DUORAM 



Ml 



IT" 



MROn I 



flRQ — ^ 
(iiCU) |_ 



J— 



NORMALLY 
USED WITH 
WIRE - ORED 
CONNECTION 



NOTE: 

Edge-Sensitive Trigger Condition - The minimum pulse width (t|uH) 
is either 125ns (Vqo = 5V) or 250ns (V^n = 3V). The period t|UL 
should be less than the number of tcvc cycles it takes to exactlis 
the interrupt service routine plus 21 tcyc cycles. 
Level-Sensitive Trigger Condition - If after servicing an interrupt the 
#IRQ remains low, then the next interrupt Is recognized. 

FIGURE laa EXTERNAL MTERRUPT MODE DUGRAM 
Timer Interrupt 

There are three different timer intemipt flags that will cause 
a timer interrupt whenever they are set and enabled. These 
three Intermpt flags are found In the three most significant 
bits of the timer status register (TSR, kxation $13) and all 
three will vector to the same intermpt service reutbie ($FFe - 
$FF9). All interrupt flags have corresponding enable bits 
(ICE, OCIE, and TOIE) in the timer control register (TCR, 
location $12). Reset clears all enable bits, thus preventing 
an interrupt from occurring during the reset time period. The 
actual processor interrupt is generated only if the I bit in the 
condition code register is also cleared. When the interrupt is 
recognized, the current machine slate is pushed onto the 
stack and I bit is set. This masks further Interrupts until the 
present one is serviced. 

The Intenupt sendee routine address Is specified by the con- 
tents of memory k>catk)ns $FF8 and $FF9. ITie general 
sequence for cleiaring an intermpt is a software sequence of 
accessing the status register while the flag is set, followed 
by a read or write of an associated register. R^er to Pro- 
granHMMe Tliiwr lor addWonal informatkxi about the timer 
circuitry. 
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NOTE: 

1 . If the input edge cxxuis In the shaded area from one fimer state T1 to the other timer state T1 the input capture flag Is set during the 
nead stale Til. 

FK3URE 16. TIMER STATE TIMING DIAGRAM FOR INPUT CAPTURE 
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NOTES: 

1 . The CPU write to the Compare Register may take place at any time, but a compare only occurs at tkner state T01 . Thus a 4 cycle differ- 
ence may exist between the write to the Compare Register and the actual compare. 
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during ttie internal processor clock high time followed by a read of the Counter Low Register. 

FIGURE 18. TIMER STATE DIAGRAM FOR TIMER OVERFLOW 
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Port B Interrupts 

The four lines of tfie Port B can be used as level-sensitive 
interrupt inputs. The four lines share a common interrupt 
vector {$FF6-$FF7). To allow identification of the source of 
the interrupt, the Port B Interrupt Flag Register (IFR) Is pro- 
vided. The flag register contains a bit corresponding to each 
bit of Port B. The flags are set by applying a low level to the 
associated Port B pin. The source of the low level can either 
be external, when the pin Is programmed as an Input In the 
Port B DDR, or Internal, when the pin Is programmed as an 
output and the bit Is set low in the Port B Data Register. The 
flags can only be cleared by explicitly writing to the IFR or by 
RESET or power-on. The flags are valid whether Port B 
interrupts are enabled or not. 

Enabling Port B interrupts can be done for individual pins by 
setting the appropriate bit in the Port B Interrupt Enable Reg- 
ister (lER) high. If a Port B line has been enabled to gener- 
ate interrupts and the interrupt mask (1 bit) is clear, whenever 
the IFR flag goes high, an interrupt will be generated. The 
interrupt can be removed by clearing the lER bit or by clear- 
ing the IFR bit. After clearing the IFR bit, if the low is still 
present on the Port B pin, the interrupt will be immediately 
regenerated since the Port B interrupts are leve|-$er$Wwe. 
For more infomiation refer to Figure 5. 

Low-Power Modes , , ; . . 

STOP Instruction 

The STOP instnjcfion places the MCU in its lowest power con- 
sumption mode. In the STOP mode the internal oscillator is 
turned off, causing all internal processing to be halted' refer to 
Figure 12. During the STOP mode, the I bit in the condition 
code register is cleared to enable external interrupts (Port B 
internjpts must be enabled by setting the appropriate bits in the 
lER prior to entering STOP). All other registers and memory 
remain unaltered and all input/output lines rem ain unchanged. 
This continues until an external interrupt (IRQ or Port B) or a 
RESET Is sensed, at which time the internal oscillator is turned 
on. If the external clock for the TIMER is enabled then TIMER 
overtlow or compare Interrupts can also release the CPU from 
STOP mode. The external interrupt or RESET causes the pro- 
gram counter to load a vector from memory locations $FF6- 
FF7, $FF8-FF9, $FFA-FFB. or $FFE-FFF which conUun the 
starting address of the Intemjpt or RESET ser^ routine. 

WAITInstructton 

The WAIT instruction places the MCU In a law power consump- 
tion mode, but the WMT mode consumes somewhat more 
power than the.SlOP meda In the WAIT mode, the lnterr«l 
ckxk remtrins aciiwe, and all CPU processing is stopped; how- 
ever, the programmable timer system remains active. Refer to 
Figure 12. During the WAIT mode, the I bit in the condition code 
register is cleared to enable all interrupts (Port Bar>d Timer 
interrupts must be enabled by setting the appropriate bits in the 
lER or TCR prior to entering WAIT). All other registers and 
memory remain unaltered and all parallel input/output lines 
remain unchanged. This continues until any interrupt or RESET 
is serised. At this time the program counter loads a vector from 
tti^ ijfiemQry .iQpatlon (IFFQ through $FFF) which contains the 



Data Retention Mode 

The contents of RAM and CPU registers are retained at sup- 
ply voltages as low as SVqc- This is referred to as the Data 
Retention mode, where the data is held, but the device is not 
guaranteed to operate. 

Ptogrmnmable Timer 

INTRODUCTION 

The programmable timer, which is preceded by a fixed 
divide-by- four prescaler, can be used for many purposes, 
including input waveform measurements while simulta- 
neously generating an output waveform. Pulse widths can 
vary from several microseconds to many seconds. A block 
diagram of the timer is shown in Figure 14 and liming dia- 
grams are shown in Figures 15 through 18. 

Because the timer has a 16-bit architecture, each specific 
functional segment (capability) is represented by two regis- 
ters. These registers contain the high and low byte of that 
functional segment. Generally, accessing the low byte of a 
specific timer function allows full control of that function; 
however, an access of the high byte inhibits that specific 
tkner function until the low t>yte is also accessed. 

NOTE: The I bit in lt)e condition code registar should be set while 
manipulating tioth the high and low byte register of a specific timer 
function to ensure that an interrupt does not occur. This prevents in- 
terrupts from occurring between the time that ttw high and kiw byte 
are accessed. 

The programmable timer capabilities are provided by using 
the following ten addressable 8-bit registers (note the high 
and low represent the significance offKd byt^). A description 

of each register is provided below. 

Timer Control Register (TCR) location $12, 
Timer Status Register (TSR) location $13, 
Input Captiire High Register location $14, 
(nput Capture Low Register location $15, 
Output Compare High Register location $16, 
Output Compare Low Register location $17, 
Counter High Register location $18, 
Counter Low Register location $19, 
Alternate Counter High Register location $1A, and 
AKemate Counter Low Register location $1B. 

COUNTER 

The key element in the programmable timer is a 16-blt free 
running counter, or counter register, preceded by a prescaler 
which divides the infernal processor clock by four. The pres- 
caler gives the timer a resolution of 2.0ns if the internal pro- 
cessor clock is 2.0MHz. The counter is clocked to increasing 
values during the low portion of the internal processor clock. 
Software can read the counter at any time without affecting 
its value. 

The double byte free running eountof can to read flrom either 
of two locations $18 ■ $ts (ealled <»Hnter register at this loca- 
tion), or $1A - $18 (counter alt«nateisgistw St tMs location). 
If a read sequence containing only a read of the least signifi- 
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cant byte of the free running counter or counter alternate reg- 
ister first addresses the most significant byte ($18, $1A) it 
causes the least significant byte ($19, $1B) to be transferred 
to a buffer. This buffer value remains fixed after the first most 
significant byte "read" even if the user reads the most signifi- 
cant byte several times. This buffer is accessed when reading 
the free running counter or counter alternate register, if the 
most significant byte is read, the least significant byta must 
also be read in order to complete the sequence. 

The free running counter is configured to $FFFC during 
reset and is always a read-only register. During a power-on- 
reset (POR), the counter is also configured to $FFFC and 
begins running after the oscillator start-up delay. Because 
the free running counter is 16 bits preceded by a fixed 
divide-by-four prescaler, the value in the free running 
counter repeats every 262,144 MPU intemal processor clock 
cycles. When the counter rolls over from $FFFF to $0000, 
the timer overflow flag (TOF) bit is set. An interrupt can also 
t>e enabled when counter rollover occurs by setting its inter- 
rupt enable bK (TOIE). 

OUTPUT COMPARE REGISTER 

The output compare register is a 16-bit register, which is made 
up of two 8-bit registers at locations $16 (most significant byte) 
and $17 (least significant byte). The output compare register 
can be used for several purposes such as, controlling an output 
waveform or indicating when a period of time has elapsed. The 
output compare register is unique in that all Ms are reectable 
and writable ami are not altered by the timer hardware. Reset 
does not affect the contents of this register and if the compare 
function is not utilized, Ihe two bytes of the output compare reg- 
ister can be used as storage locations. 

The contents of the output compare register are compared 
with the contents of the free running counter once during 
every four intemal processor clocks. If a match is found, the 
corresponding output compare flag (OCF) bit is set and the 
corresponding output level (OLVL) bit is clocked (by the out- 
put compare circuit pulse) to an output level register. The 
values in the output compare register and the output level bit 
should be changed after each successful comparison in 
order to control an output waveform or establish a new 
elapsed time-out. An interrupt can also accompany a suc- 
cessful output compare provided the corresponding Interrupt 
enable bit, OCIE, is set. 

After a processor write cycle to the output compare register 
containing the most significant byte ($16), the output com- 
pare function is inhibited until the least significant byte ($17) 
is also written. The user must write both byte (locations) if 
the most significant byte is written first. A write made only to 
the least significant byte ($17) will not inhibit the compare 
function. The free running counter is updated every four 
intemal processor clock cycles due to the internal prescaler. 
The minimum time required to update the output compare 
register is a function of the software program rather than the 
internal hardware. A processor write may be made to either 
byte of the output compare register without affecting the 
other byte. The output level (OLVL) bit is clocked to the out- 
put level register regardless of whether the output compare 
flag (OCF) is set or clear. 



Because neither the output compare flag (OCF bit) nor the 
output compare register is affected by RESET, care must be 
exercised when Initializing the output compare function with 
software. The following procedure is recommended: 

(1) Write the high byte of the output compare register to 
inhibit fuither compares untit the low byte is written. 

(2) Read the timer status register to am the OCF if it is 

already set. 

(3) Write the output compare register low byte to enable the 
output compare function witti the flag clear. 

The advantage of this procedure is that it prevents the OCF 
bit from t>eing set between the time it is read and the write to 
the output compare register A software example Is shown 
below. 

B716 STA OCMPHI; INHIBIT OUTPUT COMPARE 

B613 LDA TSTAT; ARIVI OCF BIT IF SET 

BF17 STX OCMPLO; READY FOR NEXT COIWIPARE 

INPUT CAPTURE REGISTER 

The two 8-bit registers which make up the 16-bit input cap- 
ture register are read-only and are used to latch the value of 
the free running counter after a defined transition is sensed 
by the corresponding input capture edge detector. The level 
transition which triggers the counter transfer is defined by 
the corresponding input edge bit (lEDG). Reset does not 
afled the contents of the input capture register. 

The result obtained t>y an input capture will be one more 
than the value of the free running counter on the rising edge 
of the Intemal processor clock preceding the external transi- 
tion (refer to timing diagram shown in Figure 16). This delay 
Is required for intemal synchronization. Resolution is 
affected by the prescaler atowing the timer toonly increment 
every four intemal processor clock cycles. 

After a read of the most significant byte of the input capture 
register ($14), counter transfer is inhibited until the least sig- 
nificant byte ($15) of the input capture register is also read. 
This charecteristic forces the minimum pulse period attain- 
able to be determined by the time used In the capture soft- 
ware routine and its interaction with the main program. The 
free running counter increments every four internal proces- 
sor clock cycles due to the prescaler. 

A read of the least significant byte ($15) of the input capture 
register does not inhibit the free running counter transfer. 
Again, minimum pulse periods are ones which allow soft- 
ware to read the least significant byte ($15) and perform 
needed operations. There is no conflict between the read of 
the input capture register and the free running counter trans- 
fer since they occur on opposite edges of the Intemal pro- 
cessor clock. 

TIMER CONTROL REGISTER (TOR) 

The timer control register (TCR, location $12) is an 8-bit read/ 
write register which contains five control bits. Three of these 
bits control interrupts associated with each of the three flag 
bits found In the timer status register (discussed below). The 
other two bits control: 1) which edge is significant to the cap- 
ture edge detiaeieir' (!.»..• negalh^or pi^lMve), and 2) the n^ 



CDP68HC05J3 



value to be clocked to the output level register in response to 
a successful output compare. The timer control register and 
the free running counter are the only sections of the timer 
affected by RESET. The TCMP pin is forced low during exter- 
nal reset and stays low until a valid compare changes it to a 
high. The timer control register is illustrated below MkMiwl by 
a definition of each bit. 



The timer status register is illustrated below followed by a def- 
inition of each bit. Refer to timing diagrams shown in Figures 
16, 17, and 18 for timing relationship to the timer status regis- 
ter bits. 
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TCR (LOCATION $12) 

B7. ICIE If the input capture interrupt enable (ICIE) bit Is 
set, a timer interrupt is enabled when the ICF 

status flag On the timer status register) is set. If 
the ICIE bit is clear, the interrupt is inhibiied. 
The ICIE bit is cleared by RESET. 

B6, OCIE If the output compare interrupt enable (OCIE) 
bit is set, a timer interrupt ts enabled whenever 
' ttie OCF status flag is set. If the OCIE bit is 
' clear, the intend i» JnMliited^ 
cleared t>y RESET. ' 

B5, TOIE If the timer overflow Interrupt enable (TOIE) bit 
is set, a timer interrupt is enabled whenever 
the TOF status flag (in the timer status regis- 
ter) is set. If the TOIE bit is clear, the interrupt 
is inhibited. The TOIE bit is cleared by RESET. 

B1, lEDG The value of the Input edge (lEDG) bit deter- 
mines which level transition on pin 1 will trigger 
a free running counter transfer to the input 
capture register. Reset does not Cffiact ttw 
lEOG bit. 

= negative edge 

1 = positive edge 

BO, OLVL The value of the output level (OLVL) bit is 
clocked into the output level register by the 
next successful output compare and will 
appear at pin 2. This bit and the output level 
register are cleared by RESET. 

3 low output 

1 = high output 

TIMER STATUS REGISTER (TSR) 

The timer status register (TSR) is an 8-blt register of which 
the three most significant bits contain read-only status infor- 
mation. These three bits indicate the following: 

1. A proper transition has taken place at the TCAP pin with 
an accompanying transfer of the free rurtning counter 
contents to the input capture register, 

2. A match has been found between the free running 
counter and the output compare register, and 

3. A free running counter transition from $FFFF to $0000 
has been sensed (timer overflow). 
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TSR (LOCATION $13) 

B7. ICF The input capture flag (ICF) is set when a 
proper edge has t>een sensed by the input 
capture edge detector. It is cleared by a pro- 
cessor access of the timer status register (with 
ICF set) followed by accessing the low byte 
($15) of the input capture register. Reset does 
not affect the input compare flag. 

B6,OCF The output compare flag (OCF) is set when the 
output compare register contents match the 
contents o( ttie free running counter. The OCF 
is cleared t>y accessing the timer status regis- 
ter (with OCF set) and then accessing the low 
byte ($17) of the output compare register. 
Reset does not affect the output compare flag. 

B5, TOF The timer overflow flag (TOF) bit is set by a 
transition of the free running counter from 
SFFFF to $0000. It is cleared by accessing the 
timer status register (with TOF set) followed by 
an access of the free mnning counter least sig- 
nificam byte ($19). Reset dees not affect the 
TOF bit 

Accessing the timer status register satisfies the first condi- 
tion required to dear any status bits twhlch happen to be set 
during the access. The only remaining step Is to provide an 
access of the register which is msndated with the status btt. 
Typically, this presents no problem for the input capture and 
output compare functions. 

A problem can occur when using the timer overflow functton 
and reading the free running counter at random times to mea- 
sure an elapsed time. Without incorporating the proper pre- 
cautions into software, the timer overflow flag could 
unintentionally be cleared if: 1) the timer status register is read 
or written when TOF is set. and 2) the least signiflcant byte of 
the free running counter Is read but not for the purpose of ser- 
vicing the flag. The counter altemate register at address $1A 
and $18 contains the same value as the tree running counter 
(at address $18 and $19); therefore, this altemate register can 
be read at any time without affecting the timer overflow flag in 
the timer status register. 

During STOP and WAIT instructions, the programmable 
timer functions as follows: during the wait mode, the timer 
continues to operate normally and may generate an interrupt 
to trigger the CPU out of the wait state; during the stop 
mode, the timer hokJs at its current state, retaining all data, 
and resumes operation from Uils point when an external 
interrupt is received. 



bit register which contains three functional bits. The bits con- 
trol the source of the Timer input and the main CPU oscilla- 
tor start-up delay following a STOP Instruction. The 
operation of each bit is as described teiow: 
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OCR (LOCATION $11) 

B4, EOE Setting the EOE bit high configures the 
TCAP/T0SC1 and TCMP/T0SC2 as an 
oscillator amplifier. A crystal or ceramic 
resonator network can be connected 
across the two pins to form an oscillator. 
For accurate counting, after the EOE bit is 
set to configure the TCAP/TOSC1 and 
TCMP/TOSC2 as an oscillator amplifier 
and a crystal or resonator is connected 
across the two pins, the user should delay 
setting the ECC bit until the oscillator has 
stabilized (typically 2-5ms). RESET ai*El. 
power-up clear the EOE bit. 



B2. NDEL 



pad. The signal at the TCAP/TOSC1 pin is 
divided by four and tlien applied to the 
Timer. This allows counting external 
^avents with a resolution of four, or use of a 
frequency different tlian the main CPU 
time base. An external clock source can 
be used, or the EOE bit can be set to 
allow use of a crystal or resonator. If the 
EOE bit is set to configure the TCAP/ 
TOSC1 and TCMP/TOSC2 as an oscilla- 
tor amplifier and a crystal or resonator is 
connected across the two pins, the user 
should delay setting the ECC bit until the 
oscillator has stabilized (typically 2-Sms). 
RESET and power-up clear the ECC bit. 

Setting the NDEL bit high overrides the 
nomial 4064 tcvc delay which is intro- 
duced when exiting from STOP mode via 
an interrupt (RESET will clear the NDEL 
bit). Instead a 2 tcvc delay will be intro- 
duced. When the RC oscillator mask 
option has been chosen, the delay is 
always 2 tcvc &nd the NDEL bit has no 
effect. NDEL is p^red by RESET and 
power-up. 
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CDP6805F2 
CDP6805F2C 

CMOS High Performance Silicon Gate 
8-BIt Microcontroller 



Hardware Features 

• Typical Full Speed Operating Power ® 5V lOmW 

• Typical WAIT Mode Power 3mW 

• Typical STOP IHode Power 5)iW 

• 64 Bytes of On-ChIp RAM 

• 1089 Bytes of On-ChIp ROM 

• 16 Bidirectional I/O Lines 

• 4 Input-Only Lines 

• Internal 8-Bit Timer With Software Programmable 7-Blt Prescaier 

• External Timer Input 

• External and Timer Interrupts 

• Master Reset and Power-On Reset 

• Single 3V to 6V Supply 

• On-Chip Oscillator 

• 1(is Cycle Time ^ 



Pinout 

PACKAGE TYPES D AND E 





TOP VIEW 
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Description >• 

The CDP6805F2 Microcomputer Unit (MCIi>) belongs to the 

CDP6805 Family of CMOS Microcomputers. This 8-brt MCU 
contains on-chip oscillator, CPU, RAM, ROM, I/O, and Timer. 
Fully static design allows operation at frequencies down to 
DC, further reducing its already low-power consumption. It is 
a low-power processor designed for low-end to mid-range 
applications in the consumer, automotive, industrial, and 
communications markets where very low power consumption 
constitutes an important factor. 



Software Features 

• Versatile Interrupt Handling 
■ True Bit Manipulation 

• 10 Addressing Modes 

• Efficient Instruction Set 

• Memory-Mapped I/O 

• User-Callable Self-Check Routines 

• Two Power-Saving Standby Modes 
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CDP680SF2, CDP6805F2C 



The CDP6805F2 and CDP6805F2C devices are available in dual-in-line ceramic package (D suffix), and in a 28-lead 
a 28-lead dual-in-line plastic package (E suffix), in a 28-tead plastic chip-carrier package (N suffix). 



MAXIIVIUM RATINGS (Voltages Referenced to Vss) 



Ratings 


Symbol 


Value 


Unit 


Supply Voltage 


vdd 


-0.3 to +8 


V 


All Input Voltages Except 0SC1 


Vin 


Vss-0-5 to Vdd + 0-5 


V 


Current Drain per Pin Excluding V[jd and Vss 


1 


10 


mA 


Operating Temperature Range 

CDP6805F2 ■ ... 
CDP6805F2C 1 


Ta 


Tl to Th 
to 70 
-40 to +85 


°C 


Stoiage Tisnperature Range 


Tstg 


-55 to +150 





'Load 



V0D = *t-5V 

4.27 k 



Test Point O- 



50 pF ^ ? 20.5 k 



Fig. 2 - Equivalent test load. 
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DC ELECTRICAL CHARACTERISTICS <Vod = 5 Vdc ±10%, Vss = Vdc, Ta = Tl to Th. unless otherwise noted) (See Note II 



Characteristics 


Symbol 


MIn 


Max 


Unit 


Output Voltage, iLoad^lO.O/iA 


Vol 
Vqh 


Vqq-0.1 


0.1 


V 


Output High Voltage (lLoad= -200 ^Al PA0-PA7, PB0-PB7 


VOH 


4.1 




V 


Output Low Voltage, (lLoad = 800>iA) PA0-PA7. PB0-PB7 


Vol 




0.4 


V 


Input High Voltage 

Ports PA0-PA7, PB0-PB7, PC0-PC3 

TIMFR inn RP<^PT 

0SC1 


V|H 


Vdo-2 

Vdd "0.8 
Vdd- 1.6 


Vdd 
Vdd 
Vdd 


V 


Input Low Voltage, All Inputs 


V|L 


Vss 


0.8 


V 


Total Supply Current (Cl = 50 pF on Ports, No do Loads, tcyc= 1 MS) 
RUN (Measured During Self-Check, V|l = 0.2 V, V|h = Vdd-0.2 V) 
WAIT (See Note 2) 
STOP (See Note 2) 


'dd 




4 

1.5 
150 


mA 
mA 


I/O Ports Input Leakage - PA0-PA7, PB0-PB7 


hL 




±10 




Input Current - RESET, TTO, TIMER, 0SC1, PC0-PC3 


lin 




±1 


mA 


Output Capacitance — Ports A and B 


Cout 




12 


pF 


Input Capacitance - RESET, IRQ, TIMER, 0SC1, PC0-PC3 


Cin 




8 


pF 



NOTES: 

1 . Electrical Characteristics for Vdd = 3 V available soon. 

2. Test Conittions for Iqq are as follows: 

All ports programmed as inputs 

V|L = 0.2 V (PA0-PA7. PB0-PB7, PC 0-PC3I - 

V|H = VoD-0. 2 V for RESET, IRQ, TIMER 

0SC1 input is a square wave from 0.2 V to Vdq-0.2 V i 

0SC2 output load = 20 pF (WAIT IpQ is affected linearly by the 0SC2 capacitance) 

TABLE 1 - CONTROL TIMING CHARACTERISTICS (VDD=5Vdc ±10%, Vss = 0, Ta = Tl to Th, fosc='t MHz, t<;yc=1 /"S) 



Characteristics 


Symbol 


MIn 


Max 


Unit 


Crystal Oscillator Startup Time (See Figure 51 


'OXOV 




100 


ms 


Stop Recovery Startup Time - Crystal Oscillator (See Figure 6) 


'ILCH 




lOO 


m$ 


Timer Pulse Width (See Figure 4) 


tTH, tTL 


0.6 




tcyc 


Reset Pulse Width (See Figure 51 


tRL 


1.5 




tcyc 


Timer Period (See Figure 41 


tTLTL 


1 




tcyc 


Interrupt Pulse Width (See Figure 15) 


tILIH 


1 




tcyc 


Irrternjpt Pulse Period (See Fi^ore IS) 


tILIL 


* 




tcyc 


0SC1 Pulse Width (See Figure 7) 


tOH. lOL 


100 




ns 


Cycle Time 


tcyc 


1000 




ns 


Frequency of Operation 
Crystal i 1 
External Clock 


*osc 


dc 


4 
4 


MHz 



(0 

a. 
. "J 

^■■^ 
o 
o 



*The minimum period, t|LiL, should not be less than the iiumber of tcyc cycles it takes to execute the interrupt service routines plus 20 tcyc 

cycles. 



TERMINAL ASSIGNMENT 
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Fig. 4 - Timer relttlonthlpt. 
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* Internal liming signals not available externally. 
'^RepresiBnts the internal gating of the 0SC1 input pin. 



fiMcamWL PtN DlSCRIPTiON 

Vdd Bnd Vss 

Power is supplied to the MCU using these two pins. Vqq 
is povmr and Yss-is ground. _ 

IRQ (MASKABLE INTERRUPT REQUEST) 

IRQ Is photomask option selectable with the choice of in- 
terrupt sensitivity being both level and negative edge or 
negative edge only. The MCU completes the c urrent instruc- 
tion before It responds to the request. If IRQ is low and the 
interrupt mask bit II bit) in the condition code register is 
clear, the MCU begins an interrupt sequence at the end of 
the current instruction. 

If the photoma sk o ption is selected to include level sen- 
sitivity, then the IRQ input requires an external resistor to 
Vdq for "wire-OR" operation. See the Interrupt section for 
more ( 



TiESff 



The RESET input is not required for start-up but can be 
used to reset the MCU's internal state and provide an order- 
ly software start-up procedure. Refer to the Resets section 
for a detaHad deacfiptiaN;. ' -'->r 

TIMER j 

The TIMER Input may be used as an external clock for the 
on-chip timer. Refer to the Timer section for a detailed 
desalption. 

NUM (N0N-U8Bt MODS 

This pin is Intended for use in self-check only. User ap- 
plications sfiould leave this pin connected to ground through 
a 10 kllohm resistor. 



0SC1, 0SC2 

The CDP6805F2 can be configured to accept either a 
crystal input or an RC network. Additionally, the internal 
clocks can be derived fronn either a divide-by-two or divide- 
by-four of the external frequency Ifpsc)' Both of these op- 
tions are photomask selectable. 

RC - If the RC oscillator option is selected, then a resistor 
is connected to the oscillator pins as shown in Figure 7(b). 
The relationship between R and fosc shown in Figure 8. 

CRYSTAL — The circuit shown in Figure 7(a) Is recom- 
mended when using a crystal. The internal oscillator is 
designed to interface with an AT-cut parallel resonant quartz 
crystal resonator in the frequency range specified for fosc in 
the electical characteristics table. Using an external CMOS 
oscillator is suggested when crystals outside the specified 
ranges are to be used. The crystal and components should 
be mounted as close as possible to the input pins to minimize 
output distortion and start-up stabilization time. Crystal fre- 
quency limits are also affected by Vqq. Refer to Table 1, 
Control Timing Characteristics, for limits. 

EXTERNAL CLOCK - An external dock should be ap- 
plied to the 0SC1 Input with the 0SC2 input not connected, 
as shown in Figure 7(c). An external clock may be used with 
either the RC or crystal oscillator mask option. toxOV w 
tILCH <io not apply when u^ng an external dock input. 

PA0^A7 

These eight I/O lines cnmprisa Port A. The state of any pin 
is software programmable. R^er to the Input/Output Pro- 
grMRming section for a detailed descriptkin. 



Cri^tParamelers 
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1 MHz 


4 MHz 


Units 


RSMAX 


400 


75 


Q 


Co 


5 


7 


pF 


c, 


0.008 


0.012 


mF 


Cosci 


15-40 


15-30 


pF 


C0SC2 


15-30 


15-25 


pF 


Rp 


10 


10 


MO 


Q 


3&lc 


-40fc 





OscillatprWMMiNi- 

_i 



•«ot- 



•«0H- 



J L 



copesosFa 

OSCl 0SC2 



la) Crystal Oscillator Connections and Equivalent Crystal Orcuit 
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Id External Clock Source Connections 
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PB0-PB7 

These eight lines comprise Port B. The state of any pin is 
software programmable. Refer to the Input/ Output Pro- 
grarnmiiig Seoiten "ft^f a detailed dl^^on. 

PC0-PC3 

These four lines comprise Port C, a fixed input port. When 
Port C is read, the four niost-signi§Bant bKs on the data bus 
are "1s" . There is no data direction register associated with 

Port C 

INPUT/OUTPUT PROGRAMMING 

Any Port A or B pin may be software programmed as an 
input or output by the state of the corresponding bit in the 
port data direction register (DDR). A pin is configured as an 
output if its corresponding DDR bit is set to a logic "1". A 
pin is configured as an input if its corre^|)pnding OPR bit is 
cirared to a logic "0". At reset, all DDRs are cleared, which 
configures all port pins as inputs. A port pin configured as an 
output will output the data in the corresponding bit of its 
port data latch. Refer to, Figure 9 and Table 2. 
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Fig. 9 - Typical I/O port circuitry. 
TABLE 2 - I/O PIN FUNCTIONS 



peo^aaooi 



R/W 


DOR 


I/O Pin Function 








The I/O ptn is in input mode. Data is wrttten into the output data latch. 





1 


Data IS written into the output data tatGh and output to the I/O pin. 


1 





The state of the 1/0 pin is read. 


1 


1 


The I/O pin is in Si'^^ MKIS. t% 6cimijt dSta latch read. 



pms 10 a logic "1" tnen executing a reset 
following five tests are executed autpmatically: 

I/O — Functionally Exercise Ports A, B, C 

RAM - Walking Bit Test 

ROM - Exclusive OR with ODD "Is" Paritv Result 
Timer — Functionally Exercise Timer 
Interrupts — Functionally Exercise External and Timer In- 
terrupts 

Self-check results are shown in Table 3. The following 
subroutines are available to user programs and do not re- 
quire any ^ttemal hartiKmiM, 

TABLE 3 - SELF-CHECK RESULTS 



rfwt?^'^' ^^''S^^^re'modified. All RAM locations except the top 2 
are modified. (Enter at location $786.) 



PB3 


PB2 


PBl 


PBO 


Rwnarks 


1 





1 


1 


Bad Timer 


1 


1 








Bad RAM 


1 


1 





1 


Bad ROM 


1 


1 


1 





Bad Interrupt or Request Flag 


All Cycling 


Good Part 


All Others 


Bad Pan 



RAM SELF-CHECK SUBROUTINE 

Returns with the Z bit clear if any error is detected; other- 
wise, the Z bit is set. 



ROM CHECKSUM SUBROUTINE 

Returns with Z bit cleared if any error was found; other- 
wise Z = 1, X=0 on return, and A is zero It the test passed. 
RAM locations $41 -$44 are overwritten. (Enter at location 
$7A4.) 



TIMER TEST SUBflOUTINE 

Return with Z bit cleared if any error was found; othenvise 
Z=1. 

This routine runs a simple test on the timer. In order to 
work correctly as a user subroutine, the Internal clock must 
be the clocking source and interrupts must be disabled. 
Also, on exit, the clock will be running and the interrupt 
mask will not be set, so the caller must protect himself from 
interrupts if necessary. 

A and X register contents are lost; this routine counts how 
many times the clock counts in 128 cycles. The number of 
counts should be a power of two since the prescaler is a 
power of two. If not, the timer probably is not counting cor- 
rectly. The routine also detects if the timer is running at all. 
(Enter at location $7BE.) 
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MEMORY 

The CDP6805F2 has a total address space of 2048 l?ytes 
of memory and l/.Q registers, Theaddrms ^ee is ahowm in 
Figure 11. 

The first 128 bytes of memory (first half of page zero) Is 
comprised of the I/O port locations, timer locations, and 64 
bytes of RAM. The next 1079 bytes comprise the user ROM. 
The 10 highest address bytes contain the reset and interrupt 
vectors. 



The stack pointer is used to address data stored on the 
stadc. Data is stored on the stacic during Interrupts and 
subroutine calls. At power-up, the stack pointer is set to $7F 
and It Is decremented as data is pushed on the stack. When 
data is removed from the stack, the stack pointer Is In- 
cremented. A maximum of 32 bytes of RAM areiivailable for 
stack usage. Since most programs use only a Small part of 
the allocated stack locations for Interrupts and/ or subroutine 
stacking purposes, the unused bytes are aMWBIet for pDo* 
gram data s^Htagsi. , 



Access 

Via 
PageO 
Direct 
A<Mressing 



User 
Defined 
Interrupt 
Vectors 



• 




$0000 




l/VJ rorts 






Timer 


1 




RAM 




127 


$007F 2 


128 




$0080 3 


255 




1 

$00FF 


256 




$0100 5 




1079 Bytes 






USBT nuM 


1 ^ 






1 7 






1 ^ 






1 ^ 


1206 




$04B6 1 '0 


1207 




$04B7 1 




73 Bytes 




1279 


Self Check ROM 


S04FF 1 


1280 




$0600 1 63 






1 ^ 




640 Bytes 






Unused* 




1919 




$077F 1 


1^ 


118 Bytes 


$0780 95 


2037 


Self-Check ROM 


$07F5 1 


2038 


Timer Interrupt From Wail State Only 


«07F6 S07F7 




Timer Interrupt 


$07F8 $07F9 




External Inttrrtipt 


S07FA $07FB 




SWI 


$07FC $07FD 


2047 


RESET 


Wfft $07FF 



127 



Port A Data Register 



Port B Data Register 



1111 



Port C 



Unused * 



Port A Data Direction Register 



Port B Data Direction. Register 



Unused^ 



Unused' 



Timer Data Register 



Timer Control Register 



54 Bytes 
Unused* 



RAM 
(64 Bytes) 



Stack (32 Bytes Max) 

_i 



$0000 
$0001 
$0002 
$0003 
$0004 
$0005 
$0006 
$0007 
$0008 
$0009 
$00OA 



$a03F 
$0040 



$005F 
$0060 



$007F 



* Reads of unused locations undefined 
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The CDP6805F2 contains five registers as shown in the 
programming model (Figure 12). The interrupt stacking order 
is shown in Figure 13. 

ACCUMULATOR (A) 

This accumulator is an 8-bit general purpose register used 
to hold operands and results of the arithmetic GaloJlations 

and data manipulations. 

INDEX REGISTER (X) 

The X register is an 8-bit register which is used during the 
indexed modes of addressing. It provides the 8-bit operand 
which is used to create an effective address. The index 
register is also used for data manipulations with the read- 
modify-write type of instructions and as a temporary storage 
register when not performing addressing operations. 



PROGRAM COUNTER (PC) 

The<pri)9ram counter is an 11 -bit register that contains the 
aMrtes of the next instructioi^ to be executed by the pro- 
cessor. 

STACK POINTER (SP) 

The stack pointer is an ll-bit register containing the ad- 
dress of the next free location on the stack. When accessing 
memory, the six most-significant bits are appended to the 
five least-signifioant register bits to produce an address 
within the range of S7F to $60. The stack area of RAM is 
used to store the return address on subroutine calls and the 
machine state during interrupts. During external or power-on 
reset, and during a "reset stack pointer" instruction, the 
stack pointer is set to its upper limit ($7F). Nested interrupts 
and/or subroutines may use up to 32 (decimal) locations 
beyond which the stack pointer "wraps around" and points 
to its upper limit thereby losing the previously stored infor- 
mation, A subroutine call occupies two RAM bytes on the 
stack, while an interrupt uses five bytes. 











7 

















X 


10 

















PC 


10 
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1 


1 


SP 



H 


1 


N 


z' 


C 



Accumulator 

Index Register 

Program Counter 

Stack Pointer 

Condition Code Register 
' Carry/ Borrow 
Zero 
Negative 
Interrupt Mask 
Half Carry 



J. - 



increasing Memory 
Addresses 



I 1 I 1 [ Condition Code Register 



Stack 



Accumulator 



Index Register 



EH 







PCH 



PCL 



Unstack 



Decreasing Memory 



NOTE: Since the Stack Pointsf decrements during pushes, the PCL is 
siadwd first, followed l)v PCH, etc. Pulling from the stack is in 
the reverse order. 



Fig. 13 - Stacking ordar. 
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QONDtTION CODE REGISTER (CO 

The osndition code register is a &-bit register which in- 
dicates the results of the instruction just executed. These 
bits can be individually tested by a program and specific ac- 
tion taken as a result of their state. Each bit is explained in 
the following paragraphs. 

HALF CARRY BIT (H) - The H bit is set to a "1" when a 
carry occurs between bits 3 and 4 of the ALU during an ADD 
or ADC instruction. The H bit is useful in binary coded 

decimal subroutines. 

INTERRUPT MASK BIT (I) - When the I bit is set, both 
the external Interrupt and the timer interrupt are disabled. 
Clearing this bit enables the above interrupts. If an Interrupt 
occurs while the I bit Is set, the Interrupt Is latched and Is 
processed when the I bit is next cleared! 

NEGATIVE (N) - Indicates that the result of the last 
arithmetic, logical, or data manipulation Is negative (bit 7 In 
the result is a logical "1"). 

ZERO (Z) — Indicates that the result of the last arithmetic, 
logical, or data manipulation is zero. 

CARRY/BORROW (C) - Indicates that a carry or borrow 
out of the arithmetic logic unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during bit 
test and branch instructions, shifts,. and IWajes. 



RESETS 



The CDP660 5F2 ha s two reset modes: an active low ex- 
ternal reset pin (RESET) and a power-on„reset function; refer 
to Figure 5. " " " ~ - - 



RESET 



The RESET input pin is used to reset the MCU to provide 
an orderly software start- up proc edure. When using the ex- 
ternal reset mode, the RESET pin must stay low for a 
minimum of one tRL. The RESET pin is provided with a 
Schmitt Trigger input to improve its noise immunity. 

POWER-ON RESET 

The power-on reset occurs when a positive transition is 
detected on Vdd- The power-on reset is used strictly for 
power turn-on conditions and should not be used to detect 
any drops In the power supply voltage. There Is no provision 



for a power-down reset. The power-on circuitry provides for 
a 1920 tcyc delay fr om the time of the first oscillator opera- 
tion. If the external RESET pin is low at the end of the 1920 
time out. the processor remains in the reset condition. 

Either of the two types of reset conditions causes the 
following to occur: 

• Timer control register interrupt request bit (TCR7) is 
cleared to a "0". 

• Timer control register interrupt mask bit (TCR6I is set 
to a "1". 

• All data direction register bits are cleared to a "0". All 
ports are defined as inputs. 

• Stack pointer is set to $7F. 

• The internal address bus is forced to the reset vector 
($7FE, $7FF). 

• Condition code register interrupt mask bit (II is set to a 

"V. 

• STOP and WAIT latches are reset. 

• External interrupt latch is reset. 

All other functions, such as other registers (Including out- 
put ports), the timer, etc.< are not cleared by the reset condi- 
tions. 



INTERRUPTS 

Systems often require that normal processing be inter- 
rupted so that some external event may be serviced. The 
CDP6805F2 may be interrupted by one of three different 
methods, either one of two maskable interrupts (external in- 
put or timer) or a non-maskable software interrupt (SWI). 

Interrupts cause the processor registers to be saved on the 
stack and the Interrupt mask set to prevent additional Inter- 
rupts. The RTI instruction causes the register contents to be 
recovered from the stack and return to normal processing. 
The stac king ord er is shown In Figure 13. 

Unlike RESET, hardware interrupts do not cause the cur- 
rent instruction execution to be halted, but are considered 
pending until the current instruction execution is complete. 

When the current instruction is complete, the processor 
checks all pending hardware interrupts and if unmasked, 
proceeds with interrupt processing; otherwise, the next in- 
struction is fetched and executed. Note that masked inter- 
rupts are latched for later interrupt service. 

If both an external interrupt and a timer interrupt are pend- 
ing at the end of an Instruction execution, the external In- 
terrupt is serviced first. The SWI is executed as any other In- 
struction. Refer to Figure 14 for the interrupt and instruction 
processing sequence. 



(0 

oc 

UJ 



8 



interrupt mask bit (I bit) are both cleared. When the interrupt 
is recognized, the current state of the machine is pushed on- 
to the stack and the interrupt mask bit in the condition code 
register is set. This mask prevents further interrupts until the 
present one is serviced. The processor now vectors to the 



V/ 1 u oiiu -/in apeuiy me timer service routine aaaress. 
Software must be used to clear the timer Interrupt request 
bit (TCR7I. At the end of the timer interrupt service routine, 
the software normally executes an RTI instruction which 
restores the machine State and starts executing the inter- 
rupted program. 




fig. U - fmSET mtf INTEimURT proemaing nem^urt 
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EXTERNAL INTERRUPT 

Either level- and edge-sensitive or edge-sensitive only in- 
puts are available as mask options. It the interrupt nnask bit 
of the condition code register is cleared and the external in- 
terrupt pin (IRQ) is "low" or a negative edge has set the in- 
ternal interrupt flip-flop, then the external interrupt occurs. 
The action of the external interrupt is identical to the timer 
except that the service routine address is specified by the 
contents of $7FA and $7FB. Figure 15 shows both a func- 
tional diagram and timing for the interrupt line. The timing 
diagr am shows two different treatments of the interrupt line 
(IRQ) to the processor. The first method is single pulses on 
the interrupt line spaced far enough apart to be serviced. The 
minimum time bMween pulses is a function of the length of 
the interrupt mmcB routine. Once a pulse oeoirs, ihe next 
pulse should not occur until the MPU software has exited the 
routine (an RTI occurs). This time (tiLlU <S olstained by ad- 
ding 20 instruction cycles (tcyc) to the total number of cyctes 
it takes to complete the service routine including the RTI irv- 



struction; refer to Figure 15. The second configuration 
shows many interrupt lines "wire ORed" to form the inter- 
rup ts at the processor. Thus, if after servicing an interrupt 
the IRQ remains low, then the next Interrupt is recognized. 

SOFTWARE INTERRUPT (SWI) 

The software interrupt is an executable instruction. The 
action of the SWI instruction is similar to the hardware inter- 
rupts. The SWI is executed regardless of the state of the in- 
terrupt mask in the condition code register. The service 
routine address is specified by the contents of memory loca- 
tions S7FC and $7FD. 

The following three functibns are not strictly interrupts, 
hoiiMVerj the y^tig d vgcf etoMy to the irMnupt^. These 
functions are Rl^ET, STOP, and WAIT. ' 



SET - The RESET input pin and the internal power-on 
reset function each cause the program to vector to an In- 
itialization program. Tltis vectoi ffi specified by the contents 



la) Intsmipt Funcdonal Oiignm 
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External 
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(b) Interrupt Mode Diagram 



111 



IRQ 



-tILIH 



-tlLIL- 



Edge Condition 
The minimum pulse width (t|i_]H) is one 
tcyc. 1^he period t|LIL should not be less 
than the number of tcyc cycles it takes to 
execute the interruptsarvioe routine plus 
Zi-Hp/c cycles. 



tRQ IMPU^ 



121 



IRQn 



• tLIH- 



Mask Optional Level Sensitive 
If after servicing an interrupt tiie IRQ re- 
mains low, then the next interrupt is 
-'leeogntEecb' 



Ffg. IS - Extarml Intanupt. 



2-129 
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of memofy looations S7FE and S7FF. The interrupt m^k of 
the conctitjon code register is also set. See preceding section 
on Retet fofidetails. 

STOP - The STOP instruction places theCDP6805F2 in 
its lowest power consumption mode. In the STOP function, 

the internal oscillator is turned off causing all internal pro- 
cessing and the timer to be halted; refer to Figure 16. 

During the STOP mode, timer control register (TCP) bits 6 
and 7 are altered to remove any pending timer interrupt re- 
quests and to disable any further timing interrupts. External 
interrupts are enabled in the condition code register. All 
other registers and memory remain unaltered. All I/O lines 
remain unchanged. The processor can on ly be br ought out 
of the STOP mode by an external IRQ or RESET. 



Stop 

I 



Stop Oscillator 
And All Clocks 
TCR Bit 7-0 
Bit 6—1 

Clear I Mask 




Yes 



Turn on Oscillator 

Wall foi Time 
Delay lo Stabilize 

Fetch External 
Interrupt or 

Rwet Veetor • - 



Kcs-saoos 
^,ii^-^op function Howehut. 



WAIT - The WAIT instruction placeslthe CDP6805F21n 
a low-power consumption mode, but the WAIT mode con- 
sumes somewhat more power than the STOP mode. In the 
WAIT mode, the intwnal dock is disabled from all internal 
circuitry except the timer circuit; refer to Figure 17. Thus, all 
internal processing is halted, however, the timer continues 
to count normally. 

During the WAIT mode, the I bit in the condition code 
register is cleared to enable interrupts. All other registers, 
memory, and I/O lines remain in their last state. The timer 
may be enabled by software prior to entering the WAIT 
mode to allow a periodic exit from the WAIT mode. If an ex- 
ternal and a timer interrupt occur at the same time, the exter- 
nal interrupt is serviced first; then, if the timer interrupt re- 
quest is not cleared in the external interrupt routine, the nor- 
mal timer interrupt (not the tilrwF WAIT irtterrupt) Is serviced 
since, the MCU is no longer in the WAIT PRode. 

TIMER 

The IVICU timer contains an 8-bit software programmable 
counter with a 7-bit software selectable prescaler. Figure 18 
contains a blocic diagram of the timer. The counter may be 
preset under program control and decrements towards zero. 
When the counter decrements to zero, the timer interrupt re- 
quest bit (i.e., bit 7 of the timer control register (TCR)) is set. 
Then, if the timer interrupt is not masked (i.e., bit 6 of the 
TC^ and thej^l. bit in the condition code register are both 
cieeredl the processor receives an interrupt. After comple- 
tion of the current instruction, the processor proceeds to 
store the appropriate registers on the stack and then fetches 
the timer vector address from locations $7F8 and $7F9 (or 
$7F6 and $7F7 if in the WAIT mode) in order to begin servic- 
ing. 

The counter continues to count after it reaches zero allow- 
ing the software to determine the number of internal or ex- 
ternal input clocks since the timer interrupt request bit was 
set. The counter may be read at any time by the processor 
without disturbing the count. The contents of the counter 
become stable, prior to the read portion of a cycle, and do 
not change during the read. The timer interrupt request bit 
remains set until cleared by the software. TCR7 may also be 
" used: as 6 scanned status bit in a non-lnterrupt mode of 
operation (TCR6=1). 

The prescaler is a 7-bit divider which is used to extend the 
maximum length of the timer. Bit 0, bit 1 , and bit 2 of the 
TCR are programmed to choose the appropriate prescaler 
output within the range of 1 to -•■ 128 which is used as the 
counter input. The processor cannot write into or read from 
the prescaler, however, its contents are cleared to all "Os" by 
the write operation into TCR when bit 3 of the written data 
equals one. This allows for truncation-free counting. 

The timer input can be configured for three different 
operating modes plus a disable mode depending on the value 
written-to the TCR4 and TCR5 control bits. Refer to the 
Timer Control Register section. 

- —TIMER INPUT MODE 1 

If TCR5 and TCR4 are both programmed to a "0", the in- 
put to the timer Is'from an internal clock and the TIMER in- 
put pin is disabled. The Inte rn al . cto ck mode can be used for 

J 



mm 
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Oscillator Active 
Clear 1-Bit 
Timer Clock Active 
All Other Clocks 
Stop 




Fetch External 
Interrupt, Reset, 
or Timer Interrupt 
Vector (from Wait 
Mode only) 



F^. 17 ' WAITtunoUon Htmehm. 



periodic interrupt generation as well as a reference in fre- 
quency and event measurement. The internal dock is the in- 
struction cyde dock. During a WAIT instruction, the internal 
clock to the timer continues to run at its normal rate. 



TIMER INPUT MODE 2 

With TCR5=0 and TCR4=1, the internal clock and the 
TIMER input pin are ANDed to torm the timer input signal. 
This mode can be used to measure external pulse widths. 
The external timer input pulse simply turns on the internal 
clock for the duration of the pulse. The resolution of the 
count in this mode is ± one internal clock and therefore, ac- 
curacy improves with longer input pulse widths. 



TIMER INPUT MODE 3 

If TCR5=1 and TCR4»*0; 411 th0utt Wtfte'tiifner are dis- 
abled. 

TIMER INPUT MODE 4 

If TCR5= 1 and TCR4= 1, the internal clock input to the 
timer is disabled and the TIMER Input pin becomes the input 
to the timer. The timer can, in this mode, be used to count 
external events as well as external frequencies for generating 
periodic interrupts. The counter is clocked on the falling 
edge of the external signal. 

Figure 18 shows a block diagram of the timer subsystem. 
Power-on reset and the STOP instruction invalidate the con- 
tents pf the counter. 
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TIMEn CONTROL REGISTER (TCR) 
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6 
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2 


1 





TCR7 


TCR6 


TCR5 


TCR4 


TCR3 


TCR2 


TCR1 


TCRO 



All bits in this register except bit 3 are read/write bits. 

TCR7 — Timer interrupt request bit: bit used to indicate 
the timer interrupt when it is logic "1" 
1 — Set wheneNwr the counter decrements to zero or 
under program cont rol. 

— Cleared on external RESET, power-on reset, STOP 

instruction, or program control. 

TCR6 — Timer interrupt masi< bit: when this bit is a logic 
"1", it inhibits the timer interrup t to the processor. 

1 - Set on external RESET , power-on reset, STOP in- 

struction, or program control. 

— Cleared under program control. 

TCR5 - External or internal bit: selects the input dock 
source to be either t he exte rnal timer pin or thA ioi^mal. 
doclc. (Unaffected by RESET.) 

1 — Select external dock source. .- 

— Select internal dock source. 

TCR4 - External enable bit: contr ol bit use d to enat>le the 
external TIMER pin. (Unaffected bv RESET.) 

1 — Enable external TIMER pin. 
- Disable external TIMER pin. 



TCR5 


TCR4 










Internal Clock to Timer 





1 


AND of Internal Clock and TIMER 






Pin to Timer 


1 





Inputs to Timer Disabled 


1 


1 


TIMER Pin to Timer 



TCR3 — Timer Prescaler Reset bit: writing a "1" to this bit 
resets the prescaler to zero. A read o f this location always in- 
dicates "V. (Unaffected by RESET.) 

TCR2, TCR1, TCRO - Preset select bits: decoded to 
select o ne of eight outputs on the prescaler. (Unaffected by 
RESET.) 
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CDP6805G2 
CDP6805G2C 

CM^S High Performance SUlcon Gate 
8-Bit Microcontroller 



Features 

• Typical Full Speed Operating Power at 5V 12mW 

• Typical WAIT Mode Power t-.n 4mW 

• Typical STOP Mode Power 5)jW 

• Fully Static Operation 

• On-ChlpRAM 112Bytes 

• On-ChIp ROM 2106 Bytes 

• Bidirectional i/O Lines 32 

• IHigh Current Drive 

• Internal 8-Bit Timer With Software Programmable 7-Bit Prescaier 

• External Timer Input j ; [ . 

• External Interrupts And Timer Interrupts 

• Self Cliecl( Mode 

• Master Reset And Power On/Reset 

• Single 3V to 6V Supply 

• On-CKilp Oscillator Witli PC or Crystal Masic Options 

• True Bit IManlpuiatlon 

• Addressing Modes With Indexed Addressing for Tables 



Pinout 

PACKAGE TYPES D AND E 

TOP VIEW 
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Description 

The CDP6805G2 Microcomputer Unit (MOD) belongs to the 
CDP6805 Family of Microcomputers. This 8-bit MCU con- 
tains on chip oscillator, CPU, RAM, ROM, I/O, and Timer. 
The fully static design allows operation at frequencies down 
to DC, further reducing its already low power consumption. 
It is a low power processor designed for low end-to mid 



range applications in the consumer, automotive, industrial 
and communications markets where very low power 
consumption constitutes an important factor. The 
CDP6805G2 and CDP6805G2C are available in a 40 lead 
dual-in-line plastic package (E suffix) and in a 40 lead 
duaHft-Rne jfidebrazed ceramic package (D suffix). 
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CDP6805G2, 
MAXIMUM RATINOS (Voltages Refarenced to Vss) 
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Ratings 


Symbol 


Value 


UnH 


Supply Voltage 


vdd 


-0.3 to +8 


v 


All Input Voltages Except OSC1 


Vin 


Vss-0.5 to Vdd-*0.5 


V 


Current Drain Per Pir) Excluding Vqd and Vss 


1 


10 


nnA 


Operating TempMMfMrilMtOK 




Tl Th 




CDP6805Q2 


ta 


to +70 


»c 


CDP680SG2C 




-40 to +85 




Storage Temperature Range 




-55 to +150 




Current Drain Total (PD4-PD7 only) 


lOH 


40 


mA 



THERMAL CHARACTERISTICS 



Chsnctflfnucs 


Symbol 


Value 


Unit 


Thermal Resistance 








Plastic 




100 




Ceramic 


«JA 


50 


°C/W 



This device contains circuitry to protect the 
inputs against damage due to high static 
voltages of electric fields; however, it is ad- 
vised that normal precautions be talcen to 
avoid application of any voltage higher than 
maximum rated voltages to this high im- 
pedance circuit. For proper operation it is 
recommended that Vj^ and Vout be con- 
strained to the range Vgs s (Vin or 
Vout'^VoD- Reliability of operation is 
enhanced if unused inputs except 0SC2 and 
NUM are tied to an appropriate logic voltage 
level (e.g., either Vss or VddI 

VdD = 4.5V 



Poet 




R2 


B and C 


24.31(0 


4.32 l<D 


A, PD0-PD3 


1.21 kO 


3.1 kQ 




~ '30DV ' 


1.641(0 



o 




0.1 0.2 a3 0.4 0.g 0.6 0.7 0.8 0.9 1 

(MHz) 

Internal Frequency 11/tcyc) 



DC ELECTRICAL CHARACTERISTICS (Vdo=3 Vdc, Vss=0 Vdc, Ta=Tl to Th. unless otherwise noted) 



Chmctvftalins 


Svmbd 


MIn 


Max 


Un'it 


Output Voltage iLoad^ 1 /'A 


Vol 

VoH 


- 

Vdo-0.' 


0.1 


V 
V 


Output High Voltage 
"Load=~^OM) PB0-PB7, PCO'PC? 


VoH 


1.4 




V 


(lLoad'° -0-^ mA)PA0-PA7. P00-PD3 


VOH 


1.4 




V 


llLoad= -2 mA) PD4-PD7 


VOH 


1.4 


— 


V 


Output Low Voltage 

llLoad= 300 juA) All Ports 

PA0-PA7. PB0-PB7, PC0-PC7, PD0-PD7 i • ■ - - 


^OL 




0.3 


V 


Input High Voltage 
Ports PA0-PA7. PB0-PB7, PC0-PC7, PD0-PD7 


VfH 


2.7 


vdd 


V 


TIMER, IRQ, RESET 


V|H 


2.7 


vdd 


V 


0SC1 


V|H 


2.7 


Vdd 


V 


Input Low Voltage All Iriputs " " • 'i • 


VlL 


vss 


0.3 


V 


total Supply current (no (te Loads, tcyc^S 










RUN (measured during self-clieclt, V|l=0.1 V. V|n"VpQ-0.1 V) 


IDD 




0.5 


mA 


WAIT (See Note) 


IDD 


_ 


200 


ma 


STOP (See Note) 




- 


100 


cA 


I/O Ports Input L^lcage 
PA0-PA7, PBO- PB7. PC0-PC7, PO0-PD7 


iiL ; 




5 




Input Current 
RESET, IRQ. TIMER. 0SC1 


'in 




±1 


mA 


Capacitance 
Ports 


Cout 




12 


pF 


RESET, IRQ. TIMER, 0SC1 


^in 




8 





DC ELECTRICAL CHARACTERISTICS (Vdd=5 Vdc ± 10%. Vss=0 Vdc. Ta=Tl to Th, unless olhervKise noted) 



QianeMiMiG* 


Symbol 


Mki 


Max 


Unit 


Output Voltage li_oad^lO.^A 


Vol 

VOH 


Vdd-0.1 


0.1 


V 
V 


Output High Voltage 
<lLoad= -'00/^1 PB0-PB7. PC0-PC7 


VOH 


2.4 




V 


"Load= -2 mA) PA0-PA7. PD0-PD3 ' 


Vqh 


2.4 




V 


llLoad=-8mA)PD4-PD7 


Vqh 


2.4 




V 


Output Low Voltage 

llLoad = 800/iAl All Ports 

PA0-PA7, PB0-PB7, PCOeCT. PEShPB7 J. ' .J L... . 


Vol 


_ ^- ' 


0.4 


V 


Input High Voltage 
Ports PA0-PA7, PB0-PB7, PC0-PC7, PD0-PD7 


VlH 


Vop-2 


Vdd 


V 


TIMER, IRQ, RESET, QSCI 


V|H 




VPD 


V 


Input Low Vohsge AIMnputs - • — ' ' - > 


- - % - 




0.8 


V 


Total Supply Current (Cl = 5C pF 

on Ports, no dc Loads, t(;yg = 1 (is) 
RUN (measured during selt-check, 
V|L = 0.2 V, V|H = VdD-0.2VI 


IDD 




4 


mA 


WAIT (See Note) 


idd 




1.5 


mA 


STOP (See Note) _ _ , 


IDD 




ISO 


mA 


I/O Ports Input Leakage 
PA0-PA7, PBO- PB7, PC0-PC7, PD0-PD7 

• * r : - I J, ini. 1- 1 .til 


||l 




±10 


CA 


Input Current , 

RESET, IRQ, TIMER, OSCl 


lin 




±1 


CA 


Capacitance 
Ports 


Cout 




12 


pF 


, RESET, IRQ, TIMER. OSCl 


Cin 




8 





NOTE: ' Test conditions for loo are as folloyn: 
All ports pragrammad as inputs 
V(L - 0.2 V IPA0-PA7, PB0-PB7. PC0-Pe7. FWPI^ 



V|H = Vdd -0.2 V for RESET, IRQ, TIMER 
OSCl input is a squarewave from 0.2 V to VoD-0'2 V 
0SC2 output load = 20 pF (wait loo is •fteeied Hnaarty by the 
0SC2 capaciiancel. 



»4m 



TABLE 1 - CONTROL TIMING 

IVdd=5 Vdo ±10%, Vss-0. Ta=Tl to Th, fosc=< MHz) 



Charactaristlcs 


Symt»l 


Min 


Max 


Unit 


Crystal Oscillator Startup Time (Figure 5) - - 


tQXOV 


— 


100 


ms 


Stop Recovery Startup Time (Crystal Oscillator) (Figure 61 


tILCH 




100 


ms 


Timer Pulse Width (Figure 4) ' 


tTH, tTL 


0.5 




tcyc 


Reset Pulse Width (Figure 51 


tRL 


1.5 


- 


tcyc 


Timer Period (Figure 41 


tTLTL 


1 




tcyc 


Interrupt Pulse Width Low (Figure 151 


tILIH 


1 




tcyc 


Interrupt Pulse Period (Figure 15) 


tlLIL 


* 




tcyc 


0SC1 Pulse Width 


tOH, tOL 


100 




ns 


Cycle Time * ,. _ _ 


..?c^ ..:.-„ 






ns 


Frequency of Operation 
Crystal 


'osc 




4 


MHz 


External Clock . 


*osc 


DC 




MHz 



The minimum period t|UL should not be Ipss than the number of tcyc cycles it takes to execute the iritemipt seryi^ routines plus 20 tcyc cycles. 



External 
Clocic 



/ Timer 
\ Pin 37 





< — tTLTL — > 




'TH 




'TL 




1 




















1 



Fig. 4 - Timer relationships. 



voo y 

„^ h/////////ni/N/////i//////////////////j//miiimTT7T/ 



'oxov r 'I* T" l»20 'e,c 

I I f-'cyc-| 



INTERNAL 
ADMESS 
BUS* 



INTERNAL 
DAT* 
BUS* 



-^-(§-©-(>O-(>(>0-B-(E)-©-C 





— 'RL — 




\ 


r - 


f 



*"OSCI LINE IS NOT MEANT TO REPRESENT FREQUENCY. 
IT IS ONLY USED TO REPRESENT TIME. 



UCM-»I03 



Fig. 5 - Power-on RESET and RESET. 
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4(41 
OSCZ - 

(EDGE- . 
SENSITIVE 
ONLY 

nre - 



jui_r*Lr 



♦2* 

«- INTERNAL TIMING SIGNALS NOT AVAILABLE EXTERNALLY. 
• « REPRESENTS THE INTERNAL GATING OF THE OSCI INPUT PIN. 

Hes-Mioi 



FUNCTIONAL PIN DESCRIPTION 

Vdd and Vss 

Power is supplied to the MCU using these two pins. Vqq 
is power and Vss >s ground. 

iR5 (MASKABLE INTERRUPT REQUEST) 

IRQ is mask option selectable with the choice of interrupt 
aansitlvity being both level- and negative-edge or negative- 
edge only.The MCU Completes the current instruction 
before it responds to th^request. If is low and the inter- 
nipt mask bit ( I bit) 1n the condition code register is dear, the 
MCU begins an interrupt sequence at the end of the current 
instruction. 

If the mask option is selected to include level sensitivity, 
then the FrS input requires an external resistor to Vqd for 
"wire-OR" operation. See the Interrupt section for more 
data!!. 



The RESET input is not required for start-up but can be 
used to reset the MCU's internal state and provide an orderly 
software start-up procedure. Refer to the Reset section for a 
detailed description. 

TIMER 

The TIMER input may be used as an external clock for the 
on-chip timer. Refer to Timer section for a detailed descrip- 
tion. 

HUM - NON-USER MODE 

This pin is intended for use in self-check only. User ap- 
pfications should connect this pin to ground through a 10 kO 



OSCI, 0SC2 

The CDP8a05G2 can be configured to accept either a 
cryetal input or an RC network. Additionally, the Internal 
cioelia can be derived by attbar a divide-by-two or divido- 
by-four of the external froqiMncy (>oSC)- Both of theae 
optiora are maalc aalootiMo. 



RC - If the RC oscillator option is selected, then a resistor 
is connected to the oscillator pins as shown in Figure 7(b). 
The relationship between R and fosc is shown in Figure 8. 



CRYSTAL - The circuit shown in Figure 7(al is recom- 
mended when using a crystal. The internal oscillator is 
designed to interfece with an AT-cut paraHei resonant quartz 
crystal resonator in tlie frequency range specified for fosc in 
the electrical characteristics table. Using an external CMOS 
oscillator is suggested when crystals outside the specified 
ranges are to be used. The crystal and components should 
be mounted as close as possible to the input pins to minimize 
output distortion and start-up stabilization time. Crystal fre- 
quency limits are also affected by Vqq. Refer to Control 
Timing Characteristics for limitt. See Table 1. 



EXTERNAL CLOCK - An external clock should be ap- 
plied to the OSCI input with the 0SC2 input not connected, 
as shown in Figure 7(c). An extental dock may be used with 
either the RC or crystal oscaiator mask option. toxOV or 
t|LCH do not apply when using an external dock input. 



<A 



o 
u 
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1 MHi 


4 MHi 


Units 


^SMAX 


400 


75 


Q 


Co 


5 


7 


pF 




0.008 


0.012 


cF 


Cosci 


15-40 


15-30 


pF 


C0SC2 


15-30 


15-26 


pF 


Rp 


10 


10 


MO 


Q 


30 


40 





Crystal Paranwtera 



CDP6805G2 

OSCl 0SC2 



COSCI 



1 39 Rp [a 

X X 



• 1 u •* 11 , t : 20 - M : o 



C0SC2 



..I 'J "; 



0SC2 
38 




L Ci Rs 

\ \ VW ■ OSCl 



Co 



3B 



39 



39 



Ciyital OKMMor Connactiant 



CDP6805G2 

OSCl 0SC2 



|39 las 



I.J ---^rt";! ' 



,■4.-1, > 



CDP6805G2 
OSCl 0SC2 



Unconnected 
<-&tte(nat Stock 



^0K<. (bl RCOtcWator Connection 

Iv/ttoj... ; .• . . , 

WOOii ' . ..1. ' . .1 .; 

■nr, .f,).- .-I. .Til --. 



Ftp: 7 - OtefMifDreonMeMsmL 



(c) External Cloclc Source Connectiont 

. IT 




CDP680SG2. CDP680SmC 



PA0-PA7 

These eight I/O lines comprise Port A. The state of any 
pin is software progran:)m9ble. Refer to Input/Output Pro- 
grarnniing sWiibii'fer a detmiy' t^^CTi^fti^^ . , ' , , . 

PB0-PB7 

These eight lines comprise Port B. The state of any pin is 
software programmable. Refer to Iflput/Outputi Prografn- 
n^ng, seotjan lor a'd^Mtlescription. 



PC0-PC7 

These eight lines comprise Port C. The state of any pin is 
software programmable. Refer to the Input/Output Pro- 
gramming section for a detailed description. 



PD0-PD7 

These eight lines comprise Port D. PD4-PD7 also are 
capable of driving LED's directly. The state of any pin is soft- 
ware programmable. Refer to the lnp(|!i/'OM|^U<,'^grSfinlh,g 
section for a detailed description. 

INPUT/OUTPUT PROGRAMMING 

Any port pin may be software programmed as an input or 
output by the state of the corresponding bit in the port Data 
Direction Register I DDR). A pin is configured as an output if 
its corresponding DDR bit is set to a logic '1.' A pin is con- 
figured as an input it its corresponding DDR bit is cleared to 
a logic '0.' At reset, all DDRs are cleared, which configures 
all port pins as inputs. A port pin configured as an output 
will output the data in the corresponding bit of its port data 
latch. Refer to Figure 9 and Table 2. 



Internal y 
CDP6805G2 <^ 

Connections 






r— — V. Reg 






\^it 




-* — 1 







ii 



Typical Port 
Data Direction 
Register 


7 


6 


5 


4 


3 


2 









DDR 7 


DDR 6 


DDR 5 


DDR 4 


DDR 3 


DDR 2 


DDR 1 


DDRO 




















Typical Port 
Register 


















Pin 


t 

P-7 


t 

P-6 


\ 

P-B 


t 

P-4 


\ 

P-3 


P-2 


j 

, P 


t 

-J 


{ 

P-0 



(b) 



Fig. B - TyplMpori UO elmittryt 



TABLE 2 - 1/0 PIN FUNCTIONS 



R/W 


DDR 


I/O Pin Function ' 








The I/O pin is in input mode. Data Is written into the output data latcK: 





1 


Data is written into the output data latch and output to the 1/0 pin. 


1 





The state of the I/O pin Is read. 


1 


T " 


The I/O pin Is in an 5at)>ut rnoifg. The iSUIdut data latch is read. 
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SELF-CHECK 

The CDP6805G2 self-check Is perfonned using the circuit 
in Figure 10. Self-check is initiated by tying NUM and 
TIMER pins to a logic 1 then executing a reset. After reset, 
five subroutines are called that execute the following tests: 
I/O— Functionally exercise port A, B, C, D 
RAM -Walking bit test 
ROM — Exclusive OR with odd Vs parity result 
Timer— Functionally exercise timer 
u tthtlaraipa— Fimoiionally mereise exterrwl and timet- \mer- 

rupts ' 
. I fiatf-check resu(t& are shown in Table 3. The following 
«Hbrputines are ewailable to uam programs and do not le- 
q#»jan« wtSpalEtNWdware. 

. 1r. a*ti> 

RAM SELF-CHECK SUBROUTINE 

Returns with the Z-bit clear if any error is detected; other- 
^^«iw the Z-bit is set. 

The RAM test must be called with the stack pointer at 
SOTF. VMHi;ip^, tlWMCfiNRlta! every RAM cell except for 
$07F Ml $CiK«*Nleh mummed to contain the return ad- 
dress. 

A and X are modified. All RAM locations except the 
top 2 an modified. (Enter at location $1 F80.) 



CPM80562 



PA7 
PA6 
PA5 
PA4 
PAS 
PA2 
PAl 
PAO 

PBO 
PBl 
PB2 
PB3 
PB4 
PB5 
PB6 
PB7 



ROM CHECKSUM SUBROUTINE 

Returns with Z-bit cleared if any error was found, 
otherwise Z = 1. X = on return, and A is zero if the test 
passed. RAM locations $04^-1043 are overwritten. 
(Enter at location $1 F9B.) 

TIMER TEST SUBROUTINE 

Return with Z-bit cleared if any error was found; otherwise 
Z-1. 

This routine runs a simple test on the timer. In order to 
work correctly as a u airiUtmgW NiiHNft imtamal clock must 
be the clocking so(Me and intenrupts must be disabled. 
Also, on exit, the dock will be running and the interrupt 
mask not set so the caller must protect himself from irtt6^ 
rupts if necessary 

A and X register contents are lost; this routine counts 
how many times the clock counts in 128 cycles. The 
number of counts should be a power of two since the 
prescaler is a power of two. If not, the timer probably is 
not counting correctly. The routine also detects if the 
timer Is running at all. (Enter at location $1 FB5.) 

MEMORY 

The CDPn^^^iMw a toM address space of 8192 bytes 
of memory iM9@l«#Maral The address space Is shown in 
Figure 11. 




.1 !• 



0SC2 

Irq 

PD7 
PD6 
PD5 
PD4 
PC& 
PD2 
PD1 
PDO 
PCO 
PCI 
PC2 
PC3 
PC4 
PC5 
PC6 
PC7 



VSS 

T 



36 , 

35 


1 






34 










33 










32 1 










31 








— *- 


30 




1 — 


—>■ 


29 




>-»- 


28 







Test Status 
Indication 



26 



24 



22 



NOTE: The RC Oscillator OpUon 
, May @e Uaed In This Circuit. 



20 



Fig. 10 - Setf-c/wc* elmuU. 



TABLE 3 - SELF-CHECK RESULTS 



PD3 


PD2 


PD1 


PDO 


Remarks 







1 





B.... 







1 


1 


Bad Timer 




1 








Bad RAM 




1 





1 


Bad ROM 




1 


1 





Bad Interrupt or Request Flag 


All Cycling 


Good Pan 


All Other$ 


Bad Part 



c 



Access 




Via 




Page 


127 


Direct 


128 


Addressing 






255 




256 



User 
Defined 
Intarrupt 
Vectors 



2223 
2224 



2303 
2304 



8063 
8064 



8181 
8182 



8191 



I/O Ports 
Timer 
RAM 



2096 Bytes 
User ROM 



80 Bytes 
Self-Check ROM 



5760 Bytes 
Unused' 



118 Bytes 
_ Self-Check ROM 

Timer Interrupt From Wait State Only 
Timer Interrupt 



External Interrupt 



SWI 



RESET 



$0000 



$007 F 



$0080 
\ 

SOOFF 
SOlOo' 



$08AF 



$08FF 
$0900 



$1F7F 
$1F80 



$1FF5 

$1FF6-$1FF7 
I 

S1FF8 $1FF9 

$1FFA $1FFB 
I 

$1FFC-$1FFD 

$1FFE-$1FFF 
127 



Port A Data 



Port B Data 



Port C Data 



Port D Data 



Port A Data Direction 



Port B Data Direction 



Port C Data Direction 



Port D Data Direction 



Timer Data 



Timer Control 



6 Bytes 
Unused* 



RAM 
(112 Bytes) 



' Slack (64 Bytes Maul 

_1 



$0000 
$0001 
$0002 
$0003 
$0004 
$0006 
$0006 
S0007 
$0008 
$0009 
$0OOA 



$0OOF 
SOOlO 



$003F 
$0040 



$007 F 



(0 

c 

^£ 

o 
u 



^eads of unused locations undefined. 
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The first 128 bytes of memory (first half of page zero) is 
comprised of the I/O port locations, timer locations, and 1 12 
bytes of RAM. The next 2096 bytes comprise the user ROM. 
The 10 highest address bytes contain the reset and Interrupt 
VtCtors. ■ — 

The stack pointer is used to addr^ data stored on the 
stack. Data is stored on the stack during interrupts and sub- 
routine calls. At povi/er-up, the stack pointer is set to $007F 
and it is decremented as data is pushed on the stack. When 
data is removed from the stack, the stack pointer is incre- 
mented. A maximum of 64 bytes of RAM is available for 
stack usage. Since most programs use only a small part of 
the allocated stack locations for interrupts and/or 
subroutine stacking purposes, the unused bytes are usable 
for program i#m 



REGISTERS 

The CDP6805G2 contains five regisMs SSJShqWfl.in Jtbt 
programming model in Figure 12. The interiUpt stackiNfi 
order is shown in Figure 13. " 



ACCUIMULATOR (A) 

This accumulatof is ari'&-Wt genera purpose register used 
for arithmetic calculations and data nrtanipulations. 
INDEX REGISTER (X) 

The X register is an 8-bit register which is used during the 
indexed modes of addressingj It provides an 8-bit operand 
which is used to create an^pffiKtive aeldress. The index 
register is also used for tfeta manipulations with the 
read/modify/write type of in^ruGtions and as a temporary 
storage register when.not performing addressing operations. 

PROGRAM CO^INTER (PC) [ 

The-t^^jgjltl Bif^ w wI e f ' iB n 1 3-bit register that contains the 
address of the rtext instruction to be executed by the pro- 
cessor. 

STACK POINTER (SP) 

The stack pointer Is a 13-bit register containing the 
address of the next free location on the stack. When acoe^ 
ing memory, the seven rnost-significaiit bits are permanently 
set to 0000001 . Th^ seven bits are appended to the six 
least-significant register bits to_groduce an address within 
the range of $fl07F to $0040. "tihe sta^k area of RAM is used 
to store the reti^rn address on sul^routi^e calls and the 

I . 1 

1° ^ 

I Accumulator | 



~J Index Register 



12 



6 5 



Fiogriii|»fBiin»r 



j^o|jO j I I 1 I SP j Stack Pointer 



cc 



•ixyi) ill' 



c ondltidn tSaitt Rs^MMr | 

-Carry/Borrow ■ 

-Zero I 

-Negative j 

-Interrupt Mask | 
-Half Carry 



f^g. 1S~ Programming Model. 



Increasing Memory 



I 1 I 1 I Condition Code Register 



Stack — 



Accumulator 



Index Register 



PCH 



PCL 



Decreasing Memory 
Addr^ses 



Unstack 



NOTE: Since the Stack Pointer decrements during pushes, the PCL is 
stacked first, followed by PCH, etc. Pulling frEm IN s>9<^ <s in 
the reverse order. 



Fig. 13 - Stacking order. 
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machine state during interrupts. During external or power- 
on reset, and during a "reset stack pointer" instruction, the 
stacl< pointer is set to its upper limit ($007F). Nested inter- 
rupts and/ or subroutines may use up to 64 (decirhal) loca- 
tions, beyond which the stack pointer "wraps around" and 
points to its upper limit thereby losing the previously stored 
information. A subroutine eaH oeeupies.two RAM bytes on 
the stack, while an interrupt uses five bytes. 

CONDITION CODE REGISTER (CO 

The condition code register is a 5-bit register which in- 
dicates the results of the Instruction just executed. These 
bits can be Individually tested by a program and specific ac- 
tion taken as a result of their state. Each bit Is explained in 
the following paragraphs. 

HALF CARRY BITS (H) - The H-bit is set to a one when 
a carry occurs between bits 3 and 4 of the ALU during an 
ADD or ADC instruction. The H-bit is useful in binary coded 

decimal subroutines. 

INTERRUPT MASK BIT (II - When the 1-bit is set, both 
the external interrupt and the timer interrupt are disabled. 
Clearing this bit enables the above interrupts. If an interrupt 
occurs while the 1-bit is sat, the interrupt is latched and is 
processed when the 1-bit is next cleared. 

NEGATIVE (N) — Indicates that the result of the last 
arithmetic, logical, or data manipulation is negative (bit 7 in 

the result is a logical one). 

ZERO (Z) — Indicates that the result of the last arithmetic, 
logical, or data manipulatii^ is zero. 

CARRY/BORROW (C) — Indicates that a carry or borrow 
out of the arithmetic logic unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during bit 
test and branch instructions, shifts, and rotates. 

RESETS 

The CDP6805G 2 has t wo reset modes: an active low 
external reset pin (RESET) and a power-on reset function; 
refer to Figure 5. 



RESET 

The RESET input pin is used to reset the MCU to provide 
an orderiy software sta rt-up p rocedure. When using the ex- 
ternal reset mode, the RESET pin must stay low tor e mini- 
mum of one tcyc- The RESET pin is provided with a Schjnitt 
Trigger input to improve its noise immunity. 

POWER-ON RESET 

The power-on reset occurs whan a positive transition is 
detected on Vdd- The power-on reset is used strictly for 
power turn-on conditions and should not be used to detect 
any drops in the power supply voltage. There is no provision 
for a power-down reset. The power-on circuitry provides for 
a 1920 tcyc delay from the time of the first oscillator opera- 
tion. If the external RESET pin is low at the end of the 1920 
tcyc tiw out, the processor remains in the reset condition. 



*Any current Instruction including SWI. . - , , 



Either of -tfie two types of reset conditions causes the 
follijWing to occur: 

. —Timer control register interrupt request bit TCR7 is 
cleared to a "0." 

— Timer control register interrupt mask bit TCR6 is set to a 
"1." 

-All data direction register bits are cleared to a "0." All 
ports are defined as inputs. , 

- Stack pointer is set to $007F. 

-The internal address bus is forced to the r^t vector 
($1FFE, $1FFF). 

- Condition coc^ t^fsistsrim^mspt mask (I) is set to a 

-STOP and WAIT latches are reset. 

— External interrupt latch is reset. 

All other functions, such as other registers (including out- 
put ports) , the timer, etc. , are not cleared by the reset condi- 
tions. 

INTERRUPTS 

The CDP6805G2 may be interrupted by one of three 
different methods: either one of two maskable hardware 
interrupts (external input or timer) or a nonmaskable 
software interrupt (SWI). Systems often require that 
normal processing be interrupted so that some external 
event may be serviced. 

Interrupts cause the processor registers to be saved 
on the stack and the Interrupt mask (I bit) set to prevent 
additional interrupts. The RTI instruction causes the 
register contents to be recovered from the stack 
followed by a return to normal processing. The stack 
order is shown i n Figure 13. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted, but are 
considered pending until the current instruction 
eiiecutlon is complete. 

■ Note 

The current Instruction is considered to be the one 
already fetched and being operated on. 

When the current instruction is complete, the 
processor checks all pending hardware interrupts and 
if unmasked (I bit clear), proceeds with interrupt 
processing; otherwise, the next instruction is fetched 
and executed. Note that masked interrupts are latched 
for later interrupt service. 

If both an external Interrupt and a timer interrupt are 
pending at the end of an instruction execution, the 
external interrupt is serviced first. The SWI is executed 
the same as any other instruction and as such takes 
precedence over hardware interrupts only if the I bit is 
set (hardware interrupts maslcedjrRefefto Figure 14 for 
the Interrupt and Instruction prdcSjaafrig eequ ence. 

Table 4 shows the execution priority of the RESET, 

IRQ and timer Interrupts, and instructions (including 
the software interrupts, SWI). Two conditions are 
shown, one with the I bit set and the other with I bit 
clear; however. In either case RESET has the highest 
priority of execution. If the I bit is set as per Table 4(a), 
the second highest priority is assigned to any instruction 
including SWI. This ts^Hlustrated in Figure 14 which 
shovra that the IRQ or Timei' Interrupts are not executed 
when the I bit is set. If the I bit is cleared as per Table 
4(b), the priorities change in that the next instruction 
(SW I or other Instruction) is not fetched until after the 
IRQ and Timer interrupts have been recogni zed ( and 
serviced). Also, when the I bit is clea r, if b oth IRQ and 
Timer interrupts are pending, the IRQ interrupt is 
always serviced before the Timer interrupt. 




TABLE 4- INTERRUPT/INSTRUCTION EXECUTION PRIORITY AND VECTOR ADDRESS 







(a) IBM Set 










Vector 




Intomipt/lnstrucUon 


Prtortty 


Address 




RESET 


1 


$1FFE-$1FFF 




SWI (or Other Instruction) 


2 


$1FFC-$1FFD 


NOTE; IRQ and TInwr liitorrupto m 
are not shown. 


not executed when the 1 
(b) 1 Bit aear 


bK Is set: therefore, they 








Vector 




lirtamipl/lnstnictlon 


Prioflty 


Address 


rt:... .V • 


RESET 


1 


$1FFE-$1FFF 




IRQ 


2 


$1FFA-$1FFB 




Timer 


3 . -rlv 


$1FF8-$1FF9 
$1FF6-$1FF7* 




SWi (or other Instruction) 


4 


$1FFC-$1FFD 



* lite TMier veelor addrM»fram the WAIT mode is $1 ^»41FF7. 
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Note 

Processing is such that at the end of the current 
instruction execution, the I bit is tested and if set the 
next instruction (including SWI) is fetched. If the I bit is 
cleared, the hardware interrupt latches are tested, and 
If no hardware interrupt Is pending, the program falls 
through and the next instruction is fetched. 

TIMER INTERRUPT 

If the timer interrupt mask bit (TCR6) Is cleared, then 
each time the timer decrements to zero (transitions 
from $01 to $00) an Interrupt request is generated. The 
actual processor Interrupt Is generated only If the 
Interrupt mask bit of the condition code register is also 
cleared. When the Interrupt Is recognized, the current 
state of the machine is pushed onto the stack and the 
Interrupt mask bit in the condition code register Is set. 
This masks further interrupts until the present one Is 
serviced. The processor now vectors to the timer 
interrupt service routine. The address for this service 
routine is specified by the contents of $1 FF8 and $1 FF9 
untess the processor is In a WAIT mode In which case 
the contents of $1FF6 and $1FF7 specify the timer 
service routine address. Software must be used to clear 
the timer Interrupt request bit (TCR7). Attheend of the 
timer Interrupt service routine, the software normally 
executes an RTI Instruction which restores the machine 
state and starts executing the intf rruptei} pro^rsm. . 

EXTERNAL INTERRUPT 

If the interrupt mask bit of the condition code register 
Is cleared and the external Interrupt pin (IRQ) is low, 



then the external Interrupt occurs. The action of the 
external Interrupt is Identical to the timer Interrupt with 

the exception that the service routine address is 
specified bythecontents of$1FFAand$1FFB. Eithera 
level- and edge-sensitive trigger (or edge-sensitive 
only) are available as mask options. Figure 15 shows 
both a functional diagram and timing for the interrupt 
line. The timing diagr am sh ows two different treatments 
of the Interrupt line (IRQ) to the processor. The first 
method Is single pulses on the interrupt line spaced far 
enough apart to be serviced. The minimum time between 
pulses Is a function of the length of the interrupt service 
routine. Once a pulse occurs, the next pulse should not 
occur until the MPU software has exited the routine (an 
RTI occurs). This time (Iilil) is obtained by adding 20 
instruction cycles (tc,o) to the total number of cycles is 
takes to complete the service routine Including the RTI 
instruction; refer to Figure 15. The second configuration 
shows many Interrupt lines "wIre-ORed" to form the 
Interrupts at the p rocessor. Thus, If after servicing an 
Interrupt the IRQ remains low, then the next Interrupt Is 
recognized. 

SOFTWARE INTERRUPT (SWI) 

The software Interrupt Is an executable instruction. 
The action of the SWI instruction Is similar to the 
hardware interrupts. The SWI Is executed regardless of 
the state of the Interrupt mask In the condition code 
register. The service routine address is specified by the 
contents of memory location; $1FFC and $1 FFD. See 
Figure 14 for interrupt and fn^nictlon processing 
flowchart. 



(a) Intsmipt Functkmal Dii^ram 

Level Sensitive 



Interrupt Pin . 



Mask Option 



Vdd 




External 
-Interrupt 
Request 



I Bit (CCR) 



(A 

o 
u 




(bl Interrupt Mode Diasram 



(1) 



IRQ 



-'ILIH 



-IlLIL- 



IRQ (MPU) 
(2) iRoT 



iLiH- 



IRQn 



Power-On Reset 

Externa! Reset 
External Interrupt 
"Beina Secxfeed 



! 



Fig. 1S - External Interrufit. 



Edge Condition 
(The minimum pulse widtii lt|LiH Is one 
tcyc The period t|LiL siiouid not be 
less than the number of tcyc cycles it 
talces to execute the interrupt SBfyice rou- 
tine plus 20 tcyc cycles.) 



Mask Optional Level Sensitive 
(If after servicing an interrupt the IRQ re- 
mains low, then the next interrupt is re- 
cognized) 
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STOP 

The STOP instruction places the CDP6805G2 In its 
lowest power consumption mode. In the STOP function the 
Internal oscillator is turned off, causing all internal process- 
ing and the timer to be halted; refer to Figure 16. 

During the STOP mode, timer control register (TCR) bits 6 
and 7 are altered to remove any pending timer interrupt re- 
quests m>d to disable any further timer interrupts. The timer 
prescaler is cleared^ External imertupts are enaiiled In the 
condition code register. All other registers and memory re- 
main unaltered. All I/O lines remain uncftanged. 






Yes 




,1. .■ c 


m 




Turn on Oscillator 


Wait for Time 


Delay to Stabilize 



Fetch External 
Interrupt or 
Res«t Vidcfor 



except the timer circuit; refer to Figure 17. Thus, all internal 
processing is halted; however, the timer continues to count 
normally. 

During the Wait mode, the 1-bit in the condition code 
register is cleared to enable interrupts. All other registers, 
memory, and I/O lines remain in theitilasiirMate. The timer 
may be enabled to allow a periodic skN ta)Ri ttieWait medK"^ 
If an external and a timer interrupt ocmi^.A,^.8ame tirnsi, -.- 
the external interrupt is serviced first; fhen,¥the timer infer^' 
rupt request is not cleared in the external interrupt 
routine,the normal timer interrupt (not the timer Wait inter- 
rupt) is serviced since the MCU Is no longer in the WAIT 
mode. 

TIMER 

The MCU timer contains a 8-bit software programmal)le 
counter with7-bit software selectable prescaler. The counter 
may be present under program control and decrements 
towards zero. When the counter decrements to zero, the 
timer interrupt request bit, i.e., bit 7 of the timer control 
register (TRC), is set. Then, if the timer interrupt is not 
masked, i.e., bit 6 of the TCR and the 1-bit in the condition 
code register are both cleared, the processor receives an in- 
terrupt. After completion of the cun-ent instruction, the pro- 
cessor proceeds to store the appropriate registers on tfie 
stack, and then feMm ttfe^ttnv vector address from loca- 
tions $1FF8 and $1Ff=9 (or 91 Ff* an<i $1FF7 if in the WAIT 
mode) in order to tieging servicing. 

The counter continues to count after it reaches zero, 
allowing the software to determine the number of internal or 
external input clocks since the timer interrupt request bit 
was set. The counter may be read at any time by the pro- 
cessor without disturbing the count. The contents of the 
counter becomes stable prior to the read portion of a cycle 
and does not change during the read. The timer interrupt re- 
quest bit remains set until cleared by the software. If a read 
occurs before the timer interrupt is serviced, the interrupt is 
lost. TCR7 may also be used as a scanned status bit in a non- 
interrupt mode of operation (TCR6= 1). 

The prescaler Is a 7-bit divider which is used to extend the 
ttiaximum length of the timer. Bit 0, bit 1 , and bit 2 of the 
TCR are programmed to choose the appropriate prescaler 
output which is used as the oauntsr input. The processor 
cannot write into or read from ihe piascaler; however, its 
contents are dearedto all "Vs" by the write operation into 
TCR when bit 3 of the written data equals 1. This allows for 
truncation-free counting. 

The timer input can be configured for three different 
operating modes, plus a disable mode depoiding on the 
value written to the TCR4, TCR5 control bits. Refer to the 
Timer Controljegister section. 



" Rg.ie-StopfuneUonao¥iehart 

WAIT • 

The WAIT instruction places the CDP6805G2 in a low 
power consumption mode, but the WAIT mode consumes 
■omawhat mora potwer than the STOP mod«. m Hie WAIT' 
in04«, Shelnternal dock Is (Uahled (romull Internal olreuttry 



TIMER INPUT MODE 1 

If TCR4 and TCR5 are both programmed to a "0," the in- 
put to the timer Is from an internal clock and the TIMER in- 
put pin is disabled. The Internal clock rtiode can be used for 
periodic interrupt generation, as w^Lis a r^srence in fre- 
quency and event measurement. The intern^ dock is the in- 
strdctlon cycle clock. During a WAIT ihstniaSon, the inter- 
nal clot* to the timer continues to rUn at its normal rate. 



I 
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TIMER INPUT MODE 2 

With TCR4= 1 and TCR5=0, the internal clock and the 
TIMER input pin are ANDed together to form the timer input 
signal . This mode can be used to measure external pulse 
widths. The external pulse simply turns on the internal clock 
for the duration of the pulse. The resolution of the count in 
this mode is ± 1 clock and, therefore, accuracy improves 
with longer input pulse widths. 



TIMER INPUT MODE 3 
If TCR4-0 arid TCR6<° V, then an jnfiuts I 



> the Timer are 



TIMER INPUT MODE 4 

If TCR4= 1 and ICRS' 1, the internal clock input to the 
Timer is disabled and the TIMER input pin becomes the in- 
put to the Timer. The tinrter can. In this mode, be used to 
count external events as well as external frequencies for 
generating periodic interrupts. The counter is clocked on the 
falling edge of the external signal. 

Figure 18 shows a block diagram of the Timer subsystem. 
Power-on Reset and the STOP instruction cause the counter 
to be set to $F0. 




Softwtfo Puncttont ' 



1. Pii li m i r K»W Hl « « lii m «i» awl n d WWng at an mttnwl dco (AS) Of Itewl 
Ma^fi^^ iM MUM* doim iMMniMliiy. 
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Fig. 18- SlmpUfli/ tlnrnr control logic block diagram. 
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TCR4 
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All bits In this registar eiHOSftt. bit 3 are Read/Write bits., 

TCH7 — Timar interrupt request bit: bit used jbaiiidicate 
the timar interrupt when it is logic "1" 

1 — Set whenever the counter decrements to zero, or un- 
der program control. 

- Cleared on external nset, pewer-on reset, STOP in- 
stFuctten, < 



TCM — Timer interrupt mask bit: when this bit is a logic 
"1" it inhibits the timer interrupt to the processor. 

1 - Set on external reset, powar-on tesM, STOP irtstruc- 
tion, or program control. 

- Ctorad under Mlipim eamrol. 

TCRS — External or internal bit: selects the input dock 
source to be either t he exte rnal timer pin or the internal 
deck. (Unaffected by RESET.) 

1 - Select external clock source. ; 
On*» Setew iwawwl eleek swiRy (ASi. 

TCR4 ~ External inable bit: con tfOt bit u sed to enable the 
external timer pirt. (Unaftectad RESET.) 
1 - Enable external timer pin. 
- Disable external timer pin. 



Internal clock lo Timer 

AND of internal clock and TIMER 

pin to Timer 

Inputs to Timer disabled 

Tl|i<iR.J*i ife Timer 



tS for Logk: Representation. 



TCR3 - Timer Prescaler Reset bit; wnting a "1" to this bit 
resets the prescaler to zero. A read of this location always in- 
dicates a "0". (Unaffected by RESET.) 

TCfB, TCR1, TCRQ - Prescaler select bits: decoded to 
select ip ne of «jgtit >ips on lEhe prescaler. (Unaffected by 

Itilgrr- • ■■ ' 
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CDP68EM05C4 
CDP68EM05C4N 

CMOS High Performance Silicon Gate 
8-Bit IMicrocontroller Emulator 



Features 

• CDP68HG05C4/C8 Microcontroller Emulation 

► All CDP68HC0SC4/C8 Hardware arKi Softwear 
Features, Except as Notad In this Data Shaat 

• Full 8K Byte Address Space Available (7984 Bytes 
Available Externally) 

■ 176 BytM of On-Chip RAM, No ROM 

• Also Can be Used for CDP68HC0SC8 Emulation 

• Un-Multlplexed External Address and Data Lines 

• Available In Two Package Types: 

*■ CDP68EM05C4 - 40 Lead Piggyback Package with 
2764 EPROM Socket Capability 

*■ CDP68EM0SC4N - 68 Lead Plastic Chip Carrier (PLCC) 
Description 

The CDP68EIVI05C4 and CDP68EM05C4N Emulator devices 
are functionally equivalent to the CDP68HC05C4 
microcomputer, and are designed to permit prototype develop- 
ment and preproduction of systems for masl< programmed 
applications. Data bus, address bus and control signals are 
extemailly avsflf^le to provide off chip address capability. 

Ini addition to this featiiie, the Emulator devices differ from the 
CDPe8HC05C4 microcomputer as follows: 1) Memory 
locations which are occupied as ROM on the CDP68HC05C4 
are accessed as external locations with the Emulators. 

2) Mask-programmable options available on the 
microcomputer (i.e., CPU oscillator type and external interrupt 
sense) are fixed in tiardw/are in the Emulator devices, and are 
available as separate Emulator types identified with suffix 
letters EC, ELC, EFI or ELR. The corresponding option for each 
s^x letter Is shown bek>w: 

a) CPU oscillator type: C = crystal/ceramic 
resonator; R = resistor. 

b) External interrupt sense: EL = negative 
edge and level sensitive; E = edge only 
senstttve. 

The CDP68EM05C4 and CDP68EM05C4N represent two 
package types. The CDP68EM05C4 is available in a piggy- 
back package having the footprint of the 40 lead dual-in-line 
package of the CDP68HC05C4 microcomputer. Ttie top of the 
piggyback package has socl<et capability for a 28 lead 
EPROM. The CDP68EM05C4N is available in a 68 lead Plastic 
Chip Carrier (PLCC). 
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Block Diagram 
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Memory 

The CDP6aEM0SC4 and CDP68EVI05C4N Emulators 
each have a total address space of 8192 bytes. The 
Emulators have implemented 208 bytes of the address 
locations for I/O and internal RAM. The remainder is 
available for external memory. The first 256 bytes of 
memory (page zero) are comprised of the I/O port locations, 
timer locattons, 48 byles-<>f external address space and 176 
bytes of RAM. tlMt Mtkt bytis are available to address 
external memory. The addre» map is shown in Rgure 1. A 
description of the remaining internal addressable functions 
can be found In the CDP68HC0SC4 data sheet, File No. 
2748, see Section 2 of this Data Book. 

Signal Descriptions 

The following list includes only those additional signals that 
are not available on the CDP68HC05C4 microcomputer. 
See the CDP68HC05C4 data sheet for a description of the 
remaining signals which are common to the Emulators and 
the CDP68HC05C4 microcomputer. 

A0-A12- Address lines through 12. 

DB0-DB7 - Bidirectional 8-bit non-multiplexed data bus 
with TTL inputs. 

CE, (OE*)- Chip Enable: An output signal used for 
selecting external memory or I/O. A low level 
indicates when external RAM or I/O is tieing 
accessed. The Chip Enable signal will not go 
true, however, when addressing the 7 
unused locations in the 32 bytes of I/O 
space even though the address lines will be 
valid. 



RD,(CE*)- 



Read: A status output which indicate 
direction of data flow with respect to external 
or \tmtxii meniQQ^Jfi^itJ^ Irajlcates a 



read flom meifu5|>"^#iE^K ^ read from 
mtemal Memory or tifCtMl plaee data on the 
external data bu». 

VVrtta Enable: An active low strobe pulse 
output for use in writing data to external 
RAM memory. A low l#|^. ||||iGates valid 
data on the data bus. 

DS**- Data Strobe: An output signal for use as a 
3bot>e pulse when address and data are 
valid. This output is used to transfer data 
to or from a peripheral or memory and 
occurs any time the Emulator reads or 
writes. DS is a continuous signal at fosc -i- 2 
when the Emulator is not in the WAIT or 
STOP mode. 

FS** - Fetch Status: An output ^'M'lndicates an 
op code fetch cycle 

' CE and RO are used a» OE (Outpul Enable) and CE (Chip Enablf ) MgfWM, 
respectively In the Piggyback package. 

Not available in the PiggytMck pacJcage. 
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FIGURE 1. ADDRESS MAP. 



IRQ (Maskable Intmrmpt Request} 

Interrupt input trigger sensitivfty is available as either 
1) negative edge-sensitive only, or 2) both negative edge- 
sensitive and level-sensi tive triggering. In the latter case, 
either type of input to the IRQ pin will produce the interrupt 

The Emulator completes the current instruc tion before it 
responds to the interrupt request. When the IRQ pin goes 
low for at least one tILIH as defined in the CDP68HC05C4 
data sheet, a logic one is latched internally to signify that an 
interrupt has been requested. When the Emulator 
completes it's current Instruction, the interrupt latch is 
tested. If the interrupt latch contains a logic one, and the 
interrupt mask bit (I bit) in tlie condition code register is 
Clea r, the Emulator then begins the interrupt sequence. The 
IRQ input requires an external resistor to VDD for 
"wire-OR" operation. 



Q^jT, OSC2 , 

OscSlator (foSC) connections. D«p«iMiing on the Emulator 
CPU oscillator type, which is fixed in hardware, the pins can 
be configured for either a crystal or ceramic resonator 
oscillator, or for an RC oscillator. Alternatively, with either 
CPU oscillator type*, an external clock may be used by 
applying the external clock signal to the 0SC1 input with 
the OSC2 pin not connected. The internal clocks are 
derived by a dlvideHay-2 of the oscillator frequency (fosc)- 



' The crystal/ceramic resonator CPU oscillator typo 1$ 
reduce loading on the external clock source. 



BEAD CYCLE TIMING CDP68EM05C4 (Piggyback EmulatoO 
VDD = 5J0V ± 10%, VSS = OV, Ta » 250C 







LIIUITS 








IMIN 


MAX 




External Input Oscillator Pulse Width, Low or High 


TCPL,TCPH 


90 


— 


ns 


Read Cycle 


TR9 . . 


476 




ns 


Address Before OE — — 


tOA 


50 


4—- — 


ns 


Access Time From OE ^ " ' 


tAO 




! aoo 


ns 




TAA 




I 3G0 


ns 


Access Time From CE 


TAA 




350 


ns 


Data Bus Driven From OE 


TEX 







ns 


Address Hold Time After OE 


TAH 







ns 


Data (Hold Time After Address 


TOH 







ns 


Data Hold Time After OE 


TDH 







ns 


OE Hi(nitoP9tB BUS Driven 


THZ 





60 


ns 



1 



osciJOJTJlJTJTJTJTJlJnJTJTJTJnJT^ 




TURN ON 



FIGURE 2. TYPICAL CYCLE TIMING FOR THE FIGURE 3. CONTROL TIMING DIAGRAM FOR 

eDPairaM06C>MaHULATOR. ~ THBCS0PraBMOS64 EMULATOR. 

..-■)■'■.'■)-- ■■ r. , MI9*<J«KH0 ■■' .,t, i yv 'I'v .r; ' oi f»<1n»|t|. ■ . 



READ CYCLE TIMING CDP68EM05C4N (PLCC Emulator) 
VDD = 5jOV ± 10%, VSS - OV, TA = 250C 







LIMITS 




PARAMETER 




MIN 


MAX 


UNITS 


cxiwnaJ input vjsciiiaior ruiso vviuui, i_ow or niyn 


TCPL TCPH 


90 






Rssd Cycio 


TRC 


476 






Address Bsfore Chip Ensblo 


TCA 


50 






AcCBSsTiins Rrom Chip Ensblo 


TAG 




200 




Access Hme From Address 


TAA 




350 


ns 


Access Time From RD 


TAA 




350 


ns 


Data Bus Driven From cl 


TEX 







ns 


Address Hold Time After Cl 


TAH 


. 




ns 


Data iHold Time After Address 


TOH 







ns 


Data Hold Time After CE 


TDH 







ns 


CE High to Date Bus Not Driven 


THZ 





60 


ns 



WRITE CYCLE TIMING CDP68EM05C4N (PLCC EmuJatOf) 
VDD = 5W ± 10S6, VSS = OV. TA = 250C 









UMITS 






PARAMETER 




MIN 


MAX 


UNITS 


External Input Oscillator Pulse Width, Low or High 


TCPL.TCPH 


90 




ns 


Write Cycle 




TWC 


476 




ns 


Address Before Cl, WE 




TAS 


50 




ns 


DS, WE Pulse Width 




TDSP.TWP 


200 




ns 


WE = Lto CPU Driving Bus 




TWHZ 







ns 


Data Set-Up Time 




TDS 


150 




ns 


Data Hold Time After WE 




TDH 


50 




ns 


Address Valid After Wl 




TWR 


50 




ns 


WE High to Bus Not Driven 




TDOZ 


50 




ns 




i»p I \ I \. 

ivE j V-^ 




CDP68EM05C4N 




TWHZ- 



-wm^gms. eDpe8»i08C4N emulator control timing diagrmks. 



PORT 

CDP68EM05C4 
SCK 
MOS1 
MISO 
PORT 
PORT 



SERIAL RAM 
C0P68HC6aRl 

C0P6SHC68R2 



REAL TIME 
CLOCK 



ANALOG SrCNALS 



SERIAL A/D 
CONVERTER 
CDP68HC68A1 



LCD DRIVER 



LCOonruT 



CDPmeiiiosc4N 

EMULATOR 

. CPU 



EPNOM 



FIGURE 6. SERIAL PERIPHERAL INTERFACE (SPI) 
BUS SYSTEM. 



FIGURE 7. CDPS8EM0SC4N EMULATOR INTERFACED 
WITH 2764 EPROM. ^ 



Customer Ordering Information 

"Pie four avaUable variations should. b» orc^u«d by f» fol- 
lowing part number designations: ' '' 



CDP68EM05C4EC - 
CDP68EM05C4NEC 

CDPe8SlllOSC4ELC- 
CDP88EM0SC4NELC 



Edge only sensitive interrupts with 
crystal or ceramic resonator oscil- 
lator network. 

Edge and level sensitive interrupts 
with crystal or ceramic resonator 



L^^IIator network. 



CDP68EM05C4ER - 
CDP68EIVI05C4NER 

CDP68EIM0SC4ELR- 
CDP68EIM05C4NELR 



Edge only sensitive interrupts, 
resistor oscillator network. 

Edge and level sensitive interrupts, 
resistor oscillator netwrnrk. 



mm 



January 1991 



CDP68EM05D2 
CDP68EM05D2N 

CMOS High Performance Siflcon Gate 
8-Bit IVIicrocontroller Emulator 



Features 

• CDP68HC05B2 Microcontrollw Emulation 

*■ All CDP68HC05D2 Hardware and Software Features, 
Except as Noted In this Data Sheet 

• Full 8K Byte Address Space Available (8064 Bytes 
Available Externally) 

• 96 Bytes of On Chip RAM, No ROM 

• Un-Multlplexed External Address and Data Lines 

• Available in Two Package Types 

*■ CDP68EM05D2 - 40 Lead Piggyback Package with 
2764 EPROM Socket Capability 

>. CDP68EM05D2N - 68 Lrad PlasHo Chip Cantw (PLCC) 
Description 

Tbe CDP68EMOSD2 and C0P6aEM05D2N Emjutator devices 
are functtonally equivalent to the CbP68HC05D2 
microcompntar, and are designed to permit prototype develop- 
ment and preproductkHi of systems for mask programmed 
applications. Data bus, address bus and control slpni^ are 
externally available to provide off chip afidress 
capability. 

In addition to thiis feature, the Emulator devices differ from ttie 
CDP68HC05D2 microcomputer as follows: 1) Memory 
locations whiichi are occupied as ROM on the CDP68HC05D2 
are accessed as external locations with the Emulators. 
2) Mask programmable options available on the 
microcomputer (i.e., CPU oscillator type, external interrupt 
sense and timeout delay for power on Reset or exit from STOP 
mode) are fixed in hardware in 8ie Emulator devices, and are 
available as separate Emulator types UenHfied with suffix 
letters. Seei^^euBtsmer Ordering bifornwiicii^' in this deda sheet 
for a description of available emulator types. 

The CDP68EM05D2 and CDP68EM05D2N represent two 
different package types. The CDP68EM05D2 is available in a 
plggybaci< package having the footprint of the 40 lead dual-in- 
line package of the CDP68HC05D2 microcomputer. The top of 
the piggyback package has socket capability for a 28 lead 
EPROM. The CDP68EM05D2N is available in a 68 lead Plastic 
Chip Carrier (PLCC). . i . 



Pinouts 



CDP6SEIU0SD2 
40 LEAD PIGGYBACK PACKAGE 

TOP VIEW 



RESET- 
JHO • 
NO ■ 
PAT ■ 
PA 6 ■ 
PAS - 
PA4 ■ 
PA3- 
PA2- 
PA1 
PAD • 
PBO- 
PB1 
PBZ- 
PB3- 
PB4- 
PB5- 
PB6 - 
PB7- 

vss- 



1 




(1 ) 




40 


2 






39 


3 

4 


vpp 

A12 

A7 

A6 

A8 

A4 

A3 

A2 

A1 

AO 

DBO 

DB 1 

DB2 

GND 


(2) 


— Vcc 

— psn 

Vcc 

A8 

A9 

All 

OE 

A10 

CE 

087 

DB6 

DBS 

DB4 


38 
37 


5 

6 

7 

8 




36 
35 
34 
33 


9 


2764 
EPROM 


32 


10 
1 1 


31 
30 


12 
1 3 




29 
28 


(4 




27 


15 
16 




26 
25 


17 




DB3 


24 


18 








23_ 


19 
"TO 


eopeecMospz 

EM ULATOR 


22 



-VOD 
-0SC1 
-0SC2 
-TCAP 

■ P07 

■ TCMP 

■ P05 

■ PD1 

■ PD3 

■ PD2 

■ PD1 

- PDO 

- PCO 

■ PCI 

■ PC 2 

■ PC3 
-PC4 
-PCS 
•PC6 

■ PCT 



CDP68EM05D2N 
I LEAD PLASTIC CHIP CARRieR 

TOP VIEW 



IUJ .- M Q. ^ 
UJQ(0«UOUQD 
(r>00»-a-KaQ. 




n N <-) n n n n nln n <*} m < 
QO < < < 



(0 
EC 

O <0 

O Ul 

tc 
a. 
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CDP68EM05D2. CDP6SEM05D2N 



Block Diagra m 



FROM 
PORT 



TIMER 
SYSTEM 



PAO-« 
PA1 < 

PORT PA^'" 
A PA3< 
I/O PA4 ■< 
PAS 4 



LINES 



PBO< 

pei < 

PORT PB2-< 
B PB3 4 
I/O PB4 4 



PORT 


DATA 


A 


DIR 


REG 


REG 



LINES 



PBS-) 



PORT 


DATA 


B 


DIR 


REG 


REG 



CE-< 
RD < 

■WE ■< 
• DS ■< 



BUS 
CONTROL 



ll^aVBACK 




INTERNAL 
PnOCESSOR CLOCK 



-RESET 
-IRQ 







DATA 


PORT 


DIR 


c 


REG 


REG 



PORT 



DATA 


PORT 


DIR 


D 


REG 


REG 


SPI 


SYSTEM 



-> PCO 

PCI 

PC2 
► PC3 

PCi I/O 
_>PC5 LINES 
-►PC8 
->,PC7 

TO TIMEil SYSTEM 



-T0SC1 (PDO) 

► T0SC2 (PD1) 
» MISO (PD2) 

» M0S1 (P03) 

► SCK IPD4) 



TIMER 
OSCILLATOR 



SPI 
SYSTEM 



INTERNAL 
PROCESSOR 
CLOCK 



ADDRESS DRIVE 



mmii uiiiiuiiiu 



OOOOODOQ 
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Memory 

The CDP68EM05D2 and CDP68EM05D2N Emulators 
each have a total address space of 8192 bytes. The 
Emulators have implemented 128 bytes of the address 
locations for I/O and internal RAM. The remainder is 
available for external memory. The first 256 bytes of 
memory (page zero) are comprised of the I/O port locations, 
timer locations, 1 28 bytes of external address space and 96 
bytes of RAM. The next 7936 bytes are available to address 
external memory. The address map is show/n in Figure 1. A 
description of the remaining internal addressable functions 
can be found in the CDP68HC05D2 data sheet. File No. 
1557.1, see Section 2 of this Data Book. 

Signal Descriptions 

The following list Includes only those additional signals that 
are not available on the CDP68HC05D2 microcomputer. 
See the C0P68HC05D2 data sheet for a description of the 
remaining signals which are common to the Emulators and 
the C0I^HC0502 microcomputer. 

A0-A12- Address lines through 12. 

DB0-DB7 - Bidirectional 8-bit non-multiplexed data bus 
wtthTTLmwlii. 

CE,(OE*)- Chip Enable: An output signal used for 
selecting external memory or I/O. A low level 
V indicates when external RAM or I/O Is being 
accessed^ the Chip Enable signal will not go 
^ tnie, however, when addressing the 10 
unused l66ations in ttie 32 bytes of I/O 
space even though the address lines will be 
valid. 



RD, (CE*)- Read: A status output which indicates 
direction of data flow with respect to external 
or internal memory (a low level indicates a 
read from memory space). A read from 
internal memory or I/O will place data on flie 
external data bus. 

WE**- Write Enable: An active low strobe pui^e 
output for use In writing data to external 
RAM memory. A low level indicates valid 

data on the data bus. 

DS** - Data Strobe: An output signal for use as a 
I • strobe pulse when address and data are 
valid. This output is used to transfer data 
to or from a peripheral or memory and 
occurs any time the Emulator reads or 
writes. DS is a continuous signal at'fosc ■*■ Z 
when the Emulator is not in the' WAff or 
STOP mode. 

F8** - Fetch StsMs; An output which indicates an 

' CE and RD are used as OE (Output Enable) and CE (Chip EnabiO) signals, 
respeclivaly In the Piggybacl( package. 

'* Not avallM* It Wt ntilAKk pmli^. 
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CDPmMM05D2. CDP68EM05D2N 



I/O 
32 BYTES 



S001F 
$0020 



EXTERNAL 
ADDRESS SPACE 
128 BYTES 



$009F 
$OOA0 



BAM 
96 BYTES 



SOOBF 
SOOCO 



$OOFF 
$0100 



0031 
,0032 

\ 

\ 

o'l59 
01 BO 

\ 

\ 

\ 

\ 

0191 \ 

0192 ' 



STACK 
64 BYTES 



EXTERNAL 
ADDRESS SPACE 
7936 BYTES 



tIFEF 
tIFFO 



SPACE FOR 
USER VECTORS 
16 BYTES 



\ 



0255 
03S6 



PORTS 
8 BYTES 



UNUStll 



SERIAL PERIPHERAL 
INTERFACE 
3 BYTES 



8175 
8176 



UNUSED 
9 BYTES 



TIMER 

10 BYTES 



UNUSED 2 BYTES 



SPECIAL PORT 

CONTROL/ 
8<mTRE«HSTER 



uituseb 

1 BYTE 



PORT A DATA REGISTER 


•00 


PORT B DATA REGISTER 


SOI 


PORT C DATA REGISTER 


S02 


PORT D DATA REGISTER 


S03 


PORT A DATA DIRECTION REGISTER 


•04 


PORT B DATA DIRECTION REGISTER 


SOS 


PORT C DATA DIRECTION REGISTER 


soe 


PORT D DATA DIRECTION REGISTER 


$07 


UNUSED 


SOB 


UNUSED 


•09 


SERIAL PERIPHERAL CONTROL REGISTER 


•OA 


SERIAL PERIPHERAL STATUS REGISTER 


•OB 


SERIAL PERIPHERAL DATA I/O REGISTER 


•OC 


UNUSED 


•OD 


UNUSED 


•OE 


UNUSED 


•OF 


UNUSED 


•10 


UNUSED 


•11 


TIMER CONTROL REGISTER 


•12 


TIMER STATUS REGISTER 


$13 


INPUT CAPTURE HIGH REGISTER 


$14 


INPUT CAPTURE LOW REGISTER 


$1 5 


OUTPUT COMPARE HIGH REGISTER 




OUTPUT COMPARE LOW REGISTER 


$17 


COUNTER HIGH REGISTER 


$18 


COUNTER LOW REGISTER 


$19 


ALTERNATE COUNTER HIGH REGISTER 


SI A 


ALTERNATE COUNTER LOW REGISTER 


SIB 


UNUSED 


SIC 


UNUSED 


$tD 


SPECIAL PORT CONTROUSTAT REGISTER 


SIE 


WpllSED 


•IF 



RGURE 1. ADDRESS MAP. 



IRQ (Maskable Interrupt Request) 

Interrupt input trigger sensitivity is available as either 
1) negative edge sensitive only, or 2) both negative edge 
sensitive and level sensitive triggering, in the latter case, 
either type of input to the IRQ pin will produce the interrupt. 
The Emulator completes the current instruction before )t 
responds to the interrupt request. When the IRQ pin goes 
low for at least one tILIH as defined in the CDP68HC05D2 
data sheet, a logic one is latched internally to signify that an 
biterrupt has boon requested. When the Emulator 
completes it's current instruction, the interrupt latch Is 
tested. If the interrupt latch contains a logic one, and the 
interrupt mask bit (I bit) in the condition code register Is 
clea r, the Emulator then begins the Interrupt sequence. The 
IRQ input requires an external resistor to VDD for 
"wIre-OR" aeration. 



OSC1,OSC2 

Oscillator (fosc) connections. Depending on the Emulator 
CPU oscillator type, vi/hlch is fixed in hardware, the pins can 
be configured for either a crystal or befamic resonator 
oscillator, or for art RC oscillator. Alternatively, with either 
CPU oscillator type*, an external clock may be used by 
applying the external clock signal to the OSC1 input with 
the OSC2 pin not connected. The internal ckjcks are 
derived by a divide by 2 of the oscillator frequency (fosc)- 



* The crystal/ceramic raaonntor CPU osdllator typs is raeemmended to 
raduce leading on the aniefnal cloek sourea. 
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Specifications CDP68EM05D2 



READ CYCLE TIMING CDP68EM05D2 <Piggyi>aek Emulator) 
VDD = SJOV ± 10%, VSS = OV, Ta = 250C 







UMITS 




PARAMETER 




MIN 




UNITS 


ExtBinsI Input OscHlBtor Pulso Width, Low or Hiyh 


TCPLjTCPH 


90 




ns 




TRC 


476 






Addrass Boforo OE 


TOA 


50 




ns 


nvwooo 1 iiiio 1 mill 


TAO 




800 


ns 


Access Time From Stable Address 


TAA 






ns 


Access Time From CE 


TAA 




350 


ns 


Data Bus Driven From OE 


TEX 







ns 


Address Hold Time After OE 


TAH 







ns 


Data Hold Time After Address 


TOH 





, ^ 


ns 


Data Hold Time After OE 


USH 







ns 


OE High to Data Bus not Driven 


THZ 





60 


ns 




n- 



osc.j-xjxjTjHjijijijajijnjnjTJT^^ 



0SC2 
CYCLE 



FETCH READ READ Kmitl ''ETCH READ PJr'!?^ FETCH 



ADDR- x y ^ X y i y r 



OSC 1^ 
HEAD CYCLE 



"1 J^TTl. 



^ V- 



DB0-DB7'_ 

DRIVING DEVICe/''E''\ M^M MEM CPU MEM MEM CPU 

BUS DRIVERS DATA VALID 



TURN ON 



FIGURE 2. TYPICAL CYCLE TIMING FOR THE 
CDP68EM0SD2 EMULATOR. 



Driver's TURHOwi data valid > — 

— n 'ex |-— ' r- th 



FIGURE 3. CONTROL TIMING DIAGRAM FOR 
THE CDP68EM05D2 EMULATOR. 



mi 







UMITS 




PARAMETER 




MIN 


MAX 


UNITS 


External Input Oscillator Pulsf Width, Low or High 


TgPL,TCPH 


90 


- 


ns 


Read Cycle 


TRC 


476 


- 


ns 


Address Before Chip Enable 


TCA 


50 


- 


ns 


Access Time From Chip Enable 


TAG 


- — 


200 


ns 


Access Time From Address 


TAA 


— 


350 


ns 


Access Time From RD 


TAA 


— 


350 


ns 


Data Bus Driven From ^ 


TEX 





— 


ns 


Address Hold Time After CE 


TAH 







ns 


Data Hold Time After Address 


TON 







ns 


Data Hold Time After CE 


TDH 







ns 


CE High to Data Bus Not Mven 


THZ 





60 


ns 



WRITE CYCLE TIMING CDP6aEM05D2N (PLCC EmulalgA 
VDD = 5X)V ± 10%, VSS = OV, TA = 250C 









LIMITS 






PARAMETER 




MIN 


MAX 


UNITS 


External Input Oscillator Pulse Width, Low or High 


TCPL.TCPH 


90 




ns 


Write Cycle 




TWC 


476 




ns 


Address Before CE, WE 




TAS 


50 




ns 


DS, WE Pulse Width 




TDSP.TWP. 


200 




ns 


WE = Lto CPU Driving Bus 




TWMZ 







ns 


Data Set-Up Tims 




TDS 


150 




ns 


Data Hold Time After WE 




TDH 


50 




ns 


Address Valid After WE 




TWR 


50 




ns 


Wl High to Bus Not Driven 




TDOZ 


50 




ns 



CO 

EC 

6 m 

CC CO 
U 111 

^8 

EC 
Q. 



3rt3 



CDP68EM08D2^ CDP€SeM0Si)2N 




^o- — X y y x x x — i 




TURN ON 

FIGURE 4. CDP6SEM05D2N EMULATOR TYPICAL CYCLE TIMING. 



J L 



HEAD CYCLE 
A0-A1 2 



-Trc- 



WRITE CYCLE 
A0-A12 



-TWC- 



— TWR— »l 



Tas 



in 



-Tyjp- 



-—\ — Ih— ToH 

—4 U-Tdh 



\» Tosp- 
/ 



jBT 



-Tds- 



■^Tdoz— -^ 



-J Tex 1— 



<DR1VER*STURN ONX DATA VALID 



Thz 



TWHZ 



FIGIilRE S. CDPS8^0SO2N EMULATOR CONTROL TIMINO DIAORMHt.- 



fD2, CDP68EM05D2M 



PORT 
PORT 



SERIAL RAM 

copesHceeRi 

CDPOBHCeSRZ 



ANALOG SIGNALS 

iiUiiii 



SERIAL A/0 
CONVERTER 
C0Pe8HC68A1 



C0P68EM05D2N 
EMULATOR 
CPU 



CE 
OE 



2764 
EPROM 



APBR 



HGURE 6. SERIAL PERIPH^AL INTERFACE 
(SPI) BUS SYSTEM. 



FIGURE 7. CDP68EM0SD2N EMULATOR CONTROL 
TIMING DIAGRAMS. 



PORT 
A 



PORT 

B I— I 



KEYBOARD U » 
INTERRUPT 



OPEN DRAIN 
SOFTWARE 
PROGRAMMABLE 
OUTPUTS 



0) 

d m 
2 o 

(C 
D. 



RGURE 8. KEYBOARD INTERFACE TO ILLUSTRATE USE OF OPEN DRAIN OUTPUT PORT. 



Customer Ordering Information ' 

The eight available variations should be ordered by flie 
following part number designations: 



CDP68EM05D2EC, 
CDP68EM0502NEC 

CDP68EM05D2ECF, 
CDP68EM05D2NECF 

CDP68EM05D2ELC, 
CDP6dEM^D2NELC 

CDP68EM05D2ER, 
CDP68EM05C>2NER 



Edge only sensitive Interrupts with 
crystal or ceramic resonator oscil- 
totorfletwerk. 

Edge only sensitive interrupts with 
external clock source, 2 Tcycle 
startup delay. 

Edge and level sensitive Interrupts 
with crystal or ceranjic resonator 
oscillator network. 

Edge only sensitive Interrupts with 
rosier osctllator network. 



CDP68EM05D2ERF, Edge only sensitive interrupts with 
CDP68EM05D2NERF resistor oscillator, 2 Tcycle startup 
delay. 

CDP68EM05D2LCF, Edge and level sensitive interrupts 
CDP68E1VI05D2NLCF with external clock source, 2 
Tcycle startup delay. 



CDP68EM05D2LR, 
CDP68EM05D2NLR 

CDP68EM0SQ2LRF,o 
CDP68EM0SQ2NLHF 



Edge and level sensitive interrupts 
with resistor osclllatornetwork. 

gi:(g9 and Ifliyel.^sltlve Interrupts 
wlii resistor oscillator, 2 Tcycle 
startup delay. 
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CDP6805E2, 2C 
CDP6805E3, 3C 



CMOS 8-Bit Microprocessori 



HaitMmre Feaftures 

• Typical Full Speed Operating Power ® SV . SSmW 

• Typical WAIT Mode Power 5mW 

• Typteal Mode Power 25|jW 

• 112 Bytes of On-C)ilp RAM 

• 16 Bidirectional I/O Lines on CDP 6805E2 

• 1 3 B|ldlrectlonal 1/0 Unas on CB{F>(^^5E3 

• Internal 8-Bit Tlm^ Ml0i#eflMI^^9r<^rainn^d»la 
7-B!t Prescaler 

• External Timer Input /n j.M 

• Full External and Timer Interrupts 

• iVlultlplexed Address/Data Bus 

• Master Reset and Power-On Reset 

• CDP6805E2 Is Capable of Addressing up to 8K Bytes 
of External Memory 

• CDP6805E3 Is Capable of Addressing up to 64K Bytes 
of External Memory 

• Single 3V to 6V Supply 

• On-Chlp Oscillator 

• 40 Pbi DinHn-UiM Package (E Suffix) 

• 44 Lead Plastic Chip Carrier Package (Q Suffix) 

• -40OC to +850C Operation With CDP6805E2C and 
CDP680SE3C 

Software Features 

• Efficient Use of Program Space 

• Versatile Interrupt Handling 

• True Bit Manipulation 

• AddrMsing Mod«ft«QWHMipiCA«AssaiNlle^^ 
Tables 

• Efficient Instruction Set - 

• IVIemory Mapped I/O 

• Two Power Saving Standby Modes 

Description 

The CDP6805E2 and CDP6805E3 Microprocessors Unit 
(MRUs) belong to the CDP6805 Family of CMOS Micro- 
computers. These 8-bit fully static and expandable 
microprocessors contain a CPU, on-chip flAM, I/O and Timer. 
They are low power, low cost processors designed for mid- 
range applications in the consumer, automotive, industrial and 
commudicajlona mari«etB'Wtw«Q very low powe^corntHttptlon 
constttute» an important factor. The medor features of 
the CDP6805E2 and CDP6805E3 MPUs are listed under 
"Hardware Features" and "Software Features". 



Pinouts 

CDP6805E2 40 LEAD DIP 
TOP VIEW 



CDP6805E3 40 LEAD DIP 
TOP VIEW 











RESET 


1 


40 




THO 


2 


3S 




U 


3 


38 




DS 


4 


37 




B/W 


S 


3ft 





AS 


6 


35 





'PKT 

• PJW 


7 


34 





■ PAS 


S 

9 


33 
Z2 







PA4 


10 


31 





PA3 


11 


30 





PA2 


12 


29 





PAl 


13 


28 





PAO 


14 


27 


— 


A12 


is 


20 





All 


ie 


25 





A10 


17 


24 





A9 


18 


23 





A8 


19 


22 





Vss 
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MAXIMUM RATINGS (voltages referenced to Vss) 



Ratings 


Symbol 


Vahie 


Unit 


Supply Voltage 


Vdd 


-0.3 to +8.0 


V 


All Iriput Voltages Except 0SC1 


Vin 


Vss -0.5 to VoD + 0.5 


V 


Current Drain Per Pin Excluding Vqq and Vss 


1 


10 


mA 


Operating Temperature Range ! , ' 
CDP6805E2, CDP6805E3 
CDP6805E2C, CDP6805E3C 


Ta 


TlWTh 
0to70 
-40 to 85 


°C 


Storage Temperature Range 


"Tstg 


-55 to +150 


"C 



DC ELECTRICAL CHARACTERISTICS 3.0 V (Vdd=3 Vdc, Vss=0, Ta=Tl to Th, unless otherwise noted) 



Characteristics 


Symbol 


Min 


Max 


Unit 


Output Voltage Ilqad^ 10 fJ^ 


Vol 
vqh 


Vdd-01 


0.1 


V 


Total Supply Current (Cl=50 pF - no DC loads) tcyc=5 /is 
Run (V|L = 0.2 V, V|H = Vdd-0 2 VI 




- 


1.3 


mA 


Wait (Test Conditions - See Note Below) 


Idd 




20O 


CA 


Stop (Test Conditions — See Note Below) 


Iqd 


- 


100 


cA 


Output High Voltage 
('load = 0.25 mA) A8-A15, B0-B7 


VOH 


2.7 




V 


IIlOAD = 0.1 mA) PA0-PA7, PB0-PB7 . 


Vqh 


2.7 




V 


'ILOAD=0-25 mA) DS, AS, R/W 


VOH 


2.7 




V 


Output Low Voltage 
(IlOAD = 0-25 mA) A8-A15. B0-B7 


Vol 




0.3 


v 


HloaD = 25 mA) PA0-PA7, PB0-PB7 


Vol 




0.3 


v 


(IlOAD = 25 mAl DS, AS, R/W , .. , , 


Vol 




0.3 


v 


Input High Voltage 

PA0-PA7. PB0-PB7, B0-B7 


V|H 


2.1 




V 


TIMER, TRQ, reset 


V|H 


2.5 




V 


0SC1 


V|H 


2.1 




V 


Input Low Voltage (All inputs) 


V|L 




0.5 


V 


Frequency of Operation 
Crystal 


fosc 


0.032 


1.0 


MHz 


External Clock 


fosc 


DC 


1.0 


MHz 


Input Current 
RESET, mS, Timer. 0SC1 


lin 




±1 


CA 


Three-State Output Leakage 
PA0-PA7. PB0-PB7, B0-B7 


ITSL 




±10 


CA 


Capacitance 
RESET, IRQ, Timer 


Cjn 




8.0 


pF 


Capacitance ^ i 
DS, AS, FVW, A»-A15, PA0-PA7, PB0-PB7, B0-B7 


Cput 




12.0 


pF 



NOTE: Tost conditions for Quiescent Current Values are: *- "NOTE 

vRoit A and B programmed as inputs. 
V|:L=0.2V-for PA0-PA7 , PB0-P B7, and B0-B7. 
V|H=*VdO-- 0.2 V for RESET, IRQ, and Timer. 
0SC1 input is 3 squarewave from Vss + 0.2 V to Vqd — 0.2 V. 
0SC2 output load (including tester) is 35 pF maximum. 
Wait mode Iqd is affected linearly by this capacitance. 



: References to PA5-7 pertain to COP6aOSE2 and 
references Xp A13-1S pertain to CDP68^E3. 

1 . s •■ 



CI3P6805E2, CDPe80SE2C, CDP6805E3, CDP6805B3C 



DC ELECTRICAL CHARACTERISTICS 5.0 V (VpD^S Vdc ± 10%, Vss=Oi Ta=Tl to Jh, unless otherwise noted) 



ChBrsctBristics 


wyi iiUwt 


Min 


Max 


Unit 




^ UL 

VOH 


vdd-0 1 


1 


V 
V 


1 oiai ouppiy ourrcni pr — un t5us, ul — oupr — un rons, 
No DC Loads, tcyc= 10 
Run (ViL = 0.2 V. V|h = Vdd - 0.2 VI 


'DD 




10 




Wait (Test Conditions — See Note Belowl 


IDD 


- 


1.5 


mA 


Stop (Test Conditions - See Note Below) 


'dd 




200 


(lA 


Output High Voltage 

('load = l-S niA) A8-A15, B0-B7 


vqh 


4.1 


- 


V 


"load = 0.36 mAI PA0-PA7, PB0-PB7 


Vqh 


4.1 


- 


V 


IIL0AD= ' 6 mAI DS, AS, R/W 


Vqh 


4.1 




V 


Output Low Voltage 

('load = l-S mA) A8-A15, B0-B7 


Vol 




0.4 


V 


llL0AD=L6mA) PA0-PA7, PB0-PB7 


Vol 




0.4 


V 


liLOAD=l 6 mA) DS, AS, R/W 


Vol 


- 


0.4 


V 


input High Voltage 

PA0-PA7, PB0-PB7. B0-B7 


V|H 


Vr)n-2,0 




V 


TIMER, iTO, ftCSfeT ' 


V|H 


Vdd-0.8 


- 


V 


OSC*!- 




Vr^r^ 1 K 

VQD 10 




V 


In^t Low Voltage (All Inputs* ■ > ■ ' • ., ' ' 


V|L 




0:8 


V 


FretjuencY of Operation 
Crystal 


'osc 


0.032 


5.0 


MHz 


External Clock 


'osc 




5-0 


MHz 


Input Current 

RESET, IRQ, Timer, OSCl 


l.n 




±1 


/■A 


Three-State Output Lealcage 
PA0-PA7, P80-PB7, B0-B7 


iTSI 




±10 


CA 


Capacitance 
RESET, IRQ, Timer 


Cin 




8,0 


pF 


Capacitance 

DS. AS. WW. A8-A1S. PA0-PA7, PB0-PB7, B0-B7 


Coul 




12,0 


pF 



NOTE: Test conditions for Quiescent Current Values are: 0SC1 input is a squarewave from Vss + 0.2 V to Vqd - 0.2 V. 

Port A and B programmed as inputs 0SC2 output load (including tester) is 35 pF maximum. 

V|L = 0.2 V for PA0-PA7 , PB0-PB7, a nd B0-B7. Wait mode (IddI is affected linearly by this capacitance. 
Vih^Vdd - 0-2 V for RESET, IRQ. and Timer, 



NOTE: References to PA5-7 pertain to CDP6805E2 and 
r^erences to A13-15 pertain to CDP6805E3. 
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TABLE 1 - CONTMn. TIMING (Vss=0. Ta=Tl to Th) 





VdD = 3 V 
fOSC = 1 MHz 


Vdd = 5V ± 10% 
«0SC = 5 MHz 




Characteristics 


Symbol 


Min 


Typ 


Max 


Min 


Typ 


Max 


Unit 


I/O Port Timing - Input Setup Time (Figure 3) 


tpVASI 


500 


- 


- 


250 


- 


- 


ns 


Input Hold Time (Figure 31 


«ASLPX 


ICO 


- 


- 


100 


- 


- 


ns 


Output Delay Time (Figure 3) 


tASLPV 


- 


- 





- 


- 





ns 


Interrupt Setup Time (Figure 61 


'ILASL 


2 


- 


- 


0.4 


- 


- 


MS 


Crystal Oscillator Startup Time (Figure 51 


<OXOV 


- 


30 


300 


- 


15 


100 


ms 


Wait Recovery Startup Time (Figure 7) 


'IVASH 


- 


- 


10 
300 


- 


- 




MS 


Stop Recovery Startup Time (Crystal Osallatorl (Figure 8) 


IILASH 


- 


30 


- 


15 


100 


ms 


Required Interrupt Release (Figure 61 


•dslih 






5 






1.0 




Timer Pulse Width (Figure 7) 


'TH. ITL 


0.5 






0.5 






tcyc 


Reset Pulse Width (Figure 5) 


>RL 


5.2 






1.05 








Timer Period (Figure 7) 


•tltl 


1.0 






1.0 






*cyc 


Interrupt Pulse Width Low (Figure 16) 


'ILIH 


1,0 






1.0 






tcyc 


Interrupt Pulse Period (Figure 16) 


•ILIL 


* 






# 






tcyc 


Oscillator Cycle Period (1/5 of tcycl 


'OLOL 


1000 






200 






ms 


0SC1 Pulse Width High 


tOH 


350 






76 






ns 


0SC1 Pulse Width Low 


«0L 


3S0 






75 




~fp — ' 


ns 



The minimt mig^lflgy jtfgfluld not be.less than the number of tcyc cyeira it takes to mscuM the Inteini(it«anlce.ii9«yne 20 



TTL Equivalent 



Test 
Point 



9Vdd=*-5V 
"2 



Pin 




"2 


C 


PA0-PA7, PB0-PB7 


11.3 k 


2.1 k 


50 pF 


B0-B7, A8-A15, 
R/W, DS. AS 


2.5 k 


2 k 


130 pF 



CMOS Equivalent 



^ c 



C = 50 pF, PA0-PA7, PB0-PB7 _ 
-laOpF. A8-A12, 80-87, DS. AS, H/W 
»»th Vdo-BV ±10% 



I 

Fig. 2 - Equivalent tett-load efteuM^ 



CDP6fiOfie2. CDPfiitn^f9r rnofti^nise^ nrw^atmw^tfi^' 

Strobe 



Port 
lnp|it' 



< 



-'PVASL- 



Port 
Output 



-<ASLPX- 



'ASLPV- 

*The address slrot)e of the first cycle of the next instruction as shown in Table 11. 



Fig. 3 - no port timing wtmtortm. 



T/VOMt-Jf!^ TmmM tTA'TL WTH. l^gfiQ V)«w n0|n4 



Num 


Charvctsristics 


Symbol 


fOSC'l MHz, 

Vdo = 3 V 
SOpF Load 


fOSC-BMHz 
VbD^B V ±10%, 
1 TTL 
and 130 pF Load 


Unit 


Min 


Max 


Min 


Max 


1 


Cycle Time 


tcyc 


5000 


DC 


1000 


DC 


ns 


2 


Pulse Width, DS Low 


PWel 


2800 




560 




ns 


3 


Pulse Width. DS High or RD. WR, Low 


PWeh 


1800 




375 




ns 


4 


Clock Transition 


tr. tf 




100 




30 


ns 


8 


R/W Hold 


'RWH 


10 




10 




ns 


9 


Non-Muxed Address Hold 


tAH 


800 




100 




ns 


11 


R/W Delay fronri DS Fall 


tAD 




500 




300 


ns 


16 


Non-Muxed Address Delay from AS Rise 


<AOH 





200 





100 


ns 


17 


MPU Read Data Setup 


tDSR 


200 




115 




ns 


18 


Read Data Hold 


tDHR 





1000 





160 


ns 


19 


MPU Data Delay, Write 


'DDW 









120 


ns 


21 


Write Data Hold 


'DHW 


800 




55 




ns 


23 


Muxed Address Delay from AS Rise 


<BHD 





250 





120 


ns 


24 


Muxed Address Valid to AS Fall 


<ASL 


600 




55 




ns 


25 


Muxed Address Hold 


tiHI 


250 


750 


60 


180 


ns 


26 


Delay DS Fall to AS Rise 


tASD 


800 




160 




ns 


27 


Pulse Width. AS Hiah 


PWftSH 


850 




175 




ns 




peiay, AS Fall to DS Rise 


tASED 


aoo 




160 




ns 



CO 

c 

6 V) 

CC (0 
o Ui 

o 

DC 

a. 
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■VHIGH = -2V.VLOw = 05VforVDD = 3V , / 92CS-38018R1 

VhIGH = Vdd -2 V. Vlow = 0.8 V for Vdd = 5 V ± 10 % 



Fig. 4 - Bus timing waveforms. 
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Fig. 7 - Timer Interrupt after WAIT Instruction liming waveforms. 
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MICRO- 
PROCESSORS 



CO 



CDP6805E2, CDP6805E2C, CDP6805E3, CDP6805E3C 



Functional Pin Description 

Vdd and Vss - Vdd and Vss provide power to ths (Slip. 
Vdd provides power and Vss is ground. 

IRQ (Maskable Interrupt Request) - IRQ is a level 

sensitive and edge sensitive input whicii can be used to 
request an interrupt sequence. Tlie MPU completes thie 
current instruction before it responds to the request If IRQ 
is low and the interrupt mask bit (1-bit) in the Condition 
Code Register is clear, the MPU begins an interrupt 
sequence at the end of the current instruction. The interrupt 
circuit recogniz es b oth a "Wire ORed" level as well as 
pulses on t he IRQ line (see Interrupt Section for more 
details). IRQ requires an external resistor to VDD for "Wire 
OR" operation. 



RESET - The RESET input is not required for start up but 
can be used to reset the MPU's internal state and provide an 
orderly software start up procedure. Refer to the RESET 
section for a detailed description. 

TIMER - The TIMER input is used for clocking the on chip 
timer. Refer to TIMER section for a detailed description. 

AS (Address Strobe) - Address Strobe (AS) is an output 
strobe used to Indicate the presence of an address on the 
8-bit multiplexed bus. The AS line is used to demultiplex the 
eight least significant address bits from the data bus. A 
latch controlled by Address Strobe should capture 
addresses on the negative edge. This output is capable of 
driving one standard TTL load and 130pF and is available at 
*OSC 5 when the MPU is not in the WAIT or STOP states. 

DS (Data Strobe) - This output is used to transfer data to 
or from a peripheral or memory. DS occurs anytime the 
MPU does a data read or write. DS also occurs when the 
MPU does a data transfer to or from the MPU's internal 
memory. Refer to Table 2 and Figure 4 for timing character- 
istics. tMi i^Mput W capable of driving one standard TTL 



load and 130pF. DS is a continuous signal at fosC 5 
when the MPU is not in WAIT or STOP state. Some bus 
cycles are redundant reads of op code bytes. 

R/W (Read/Write) - The R/W output is used to indicate the 
direction of data transfer for both intemal memory and I/O 
registers, and external peripheral devices and memories. 
This output is used to indicate to a selected peripheral 
whether the MPU is going to read or write data on the next 
Data Strobe (R/W low_= processor write; R/W high = pro- 
cessor read). The R/W output is capable of driving one 
standard TTL taild ani|J3Q|^. Tl^ no^il Standby state is 
Read (high). 

A8-A15 (High Order Addra«nj Unp| - Tlie A8-A15 

output lines constitute the higtM^ oiisi non-multiplexed 
addresses. Each output line Is <capable of driving one 

standard TTL load and 1 30pF. 

B0-B7 (Address/Data Bus) - The B0-B7 bidirectional 
lines constitute the lower order addresses and data. These 
lines are multiplexed, with address present at Address 
Strobe time and data present at Data Strobe time. When in 
the data mode, these lines are bidirectional, transferring 
data to and from_memory and peripheral devices as 
indicated by the R/W pin. As outputs in either the data or 
address modes, these lines awieap|fc te of driving one 
standard TTL load and 130pF. 

OSC1, OSC2 - The CDP6805E2/3 provides for two types 
of oscillator inputs — crystal circuit or external clock. The 
two oscillator pins are used to interface to a crystal circuit, 
as shown in Figure 5. If an external clock is used, it must be 
conected to 0SC1 . The input at these pins is divided by five 
to form the cycle rate seen on the AS and DS pins. The 
frequency range is specified by fosC- '^^^ OSC1 to bus 
transitions relationships are provided in Figure 9 for system 
designs using oscillators slower than 5 MHz. 
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Fig. 9 - OSCf to bus tranalUona timing waiieloima 



CDP6805E2. CDP6805E2C. CDP6805E3. CDpeSO^BSQ 



Crystal — The circuit shown in Figure 5 is recom- 
mended when using a crystal The internal oscillator is 
designed to interface with an AT-cut parallel resonant 
quartz crystal resonator in the frequency range 
specified for fosc i" 'he electrical characteristics 
table. An external CMOS oscillator is reconnmended 
when crystals outside the specified ranges are to be 
used. The crystal and components should be mounted 
as close as possible to the input pins to minimize out- 
put distortion and start-up stabilization time, 

External Clock - An external clock should be ap- 
plied to the OSCl input with the 0SC2 input not con- 
nected, as shown in Figure 10. 




92CS-38024 



Fig. 10- External clock connection. 



LI (Load Instruction) - This output is used to indicate that 
a fetch of the next opcode is in progress. LI remains low dur 
ing an External or Timer interrupt. The LI output is only used 
for certain debugging and lest systems. For normal opera- 
tions this pin is not connected. The LI output is capable of 
driving one standard TTL toad and 50 pF. This signal 
overlaps Data Strobe. 

PA0-PA7 — These eight pins constitute Input/Output 
Port A. Each line is individually programmed to be either an 
input or output under software control via its Data Direction 
Register as shown below. An I/O pin is programmed as an 
output when the corresponding DDR bit is set to a "1 ," and 
as an input when it is set to a "0", In the output mode the 
bits are latched and appear on the corresponding output 
pins. An MPU read of the port bits programmed as outputs 
reflect the last value written to that location. When program- 
med as an input, the input data bit(s) are not latched. An 
MPU read of the port bits programmed as inputs reflects the 
current status of the corresponding input pins. The 
Read/Write port timing is shown in Figure 3. See typical I/O 
Port Circuitry in Figure 11. During a Power-On Reset or ex- 
ternal RESET all lines are configured as inputs (zero in Data 
Direction Register), The output port register is not initialized 
by reset- The TTL compatible three-state output buffers are 
capable of driving one standard TTL load and 50 pF. The 
DDR IS a read/write register. 

PB0-PB7 - These eight pins interface to Input/Output 
Port B. Refer to PA0-PA7 description for details of opera- 
tion. 
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TABLE 3 I/O PIN FUNCTIONS 



R/W 


DDR 


I/O PIN FUNCTIONS 








The I/O pin Is in Input mode. Data is written 
Into the output data latch. 





1 


Data Is writeen into the output data latch 
and output to the I/O pin. 


1 





The slate of the I/O pin Is read 


1 


1 


The I/O pin Is In an output mode. The output 

data iatch is read. 



Functional Description 

Throughout the following sections references to 
CDP6805E2 imply both the CDP6805E2 and the 
CDP6805E3. Values in parenthesis refer to the 
CDP6805E3. 

Memory Addressing 

The CDP6805E2 Is capable of addressing 81 92 (65,536) 
bytes of memory and I/O registers. The address space is 
divided into internal memory space and external memory 
space, as shown in Figure 1 2. 

The internal memory space is located within the first 128 
bytes of memory (first half of page zero) and is comprised 
of the I/O port locations, timer locations, and 1 1 2 bytes of 
RAM. The MPU can read from or write to any of these 
locations. A program write to on chip locations is repeated 
on the external bus to permit off chip memory to duplicate 
the content of on chip memory. Program reads to on chip 
loacations also appear on the external bus, but the MPU 
accepts data only from the addressed on chip location. Any 
read data appearing on the Input bus is ignored. 

The stack pointer is used to address data stored on the 
stacic Data Is stored on tlie stack during interrupts and 



subroutine calls. At power up, the stack pohiter Is set to $7F 
and It Is decremented as data Is pushed onto the stack. 
When data is removed from the stack, the stack pdnt^ Is 
incremented. A maximum of 64 bytes of F1AM Is available 
for stack usage. Since most ptaf^affm use «ily a small part 
of the allotted stack kx»Hons fbr biterrupts and/or 
subroutine stacking purposes, the unused bytes are usable 
for program data storage. 

All memory locations above location $007F are part of the 
external memory map. In addition, ten locations in the I/O 
portion of the lower 1 28 bytes of memory space, as shown 
in Figure 1 2, are part of the external memory map. All of the 
external memory space Is user definable except the highest 
10 locations. Locations $1 FF6 to $1 FFF ($FFF6 to $FFFF) 
of the external address space are reserved for interrupt and 
reset vectors (see Figure 12). 

Registers 

The CDP6805E2 contains five registers as shown in tlie 
programming model in Figure 13. The Interrupt stacking 
order is shown In Rgure 14. 

Accumulator (A) - This Accumulator is an 8-bit general 
purpose register used for arithmetic calculations and data 

manipulations. 

Index Register (X) - The X register is an 8-bit register 
which is used during the indexed modes of addressing. 
It provides an 8-bit operand which is used to create an 
effective address. The index register is also used for 
data manipulations with the Read/Modify/Write type of 
instructions and as a temporary storage register when not 
performing addressing operations. 

Program Counter (PC) - The program counter is a 13-bit 
(16-bit) register that contains the address of the next 
instruction to lae executed by the processor. 
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STACK POINTER (SP) - The stack pointer is a 13-bit 
(18-blt) register containing tiw address of the next free 
location on the stack. When'accsssing memory, the seven 
most significant bits are permanently set to 0000001 
(0000000001 y. They are appended to the six least-signifi- 
cant register bits to produce an address within the range of 
$007F to $0040. The stack area of RAM Is used to store the 
return address on subroutine calls and the machine state 
during interrupts. During external or power-on reset, and 
during a "reset stack pointer" instruction, the stack pointer 
Is set to its upper limit ($007F). Nested Interrupts and/or 
subroutines may use up to 64 (decimal) locations, t>eyond 
which the stack pointer "wraps around" and points to its 
upper limit thereby losing the previously stored Information. 
A subroutine call occupies two RAM bytes on the stack, 
while an interrupt uses five bytes. 

CONDITION CODE REQISTER (CC) - The conditkxi 
code register is a 5->Ut register In wtilcb each bit. Is used to 
ln<flc«te ttie wauWa ^Itlie l nalHieMow )ast executed. These 



bits can be IndlvUually tested ;by ■ pregram and specific 
action taken as a result of their atate. Each of the five bits Is 
explained below. ' 

Half Carry Bit { H) - The H -bit is set to a one when a carry 
occurs between bits 3 and 4 of the ALU during an ADO or 
ADC instruction. The H-bIt 1^ us^l In Binary Coded 
Decimal addition subroutines. • 

interrupt Mask BR (i) - Wlim ttw 1-bit Is set, both the 
external interrupt and the timer \H^imi^ are disabled. 
Clearing this bit enables the above intemiiMs. If an Interrupt 
occurs while tfie l-l>it Is set, the Interrupt Is latdied and will 
be processed when the 1-bit Is next cleared. 

Negative Bit (N) - When set, this bit indicates that the 
result of the last arithmetic, logical, or data manipulation 
was negative (bit 7 in the result Is a^ 



Zero Bit (Z) - When 
ofthelastarHhmefle, 




Jthat ttie result 
was zero. 
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Carry Bit (C) - The C-bIt is set when a carry or a borrow out 
of the ALU occurs during an arithmetic instruction. The 
C-bit is also modified during bit test, shift, rotate, and 
branch types of instruction. 

Resets 

The CDP6805E2 has tw o reset modes: an active low 
external reset pin (RESET) and a Power 6n Reset function; 
refer to Rgure 5. 

RESET (Pin #1) - The RESET input pin is used to reset the 
MRU and provide an orderly software st art up p rocedure. 
When using the external reset mode, the RESET pin must 
stay low for a minimum of one tgyQ. The RESET pin is 
provided with a Schmitt Trigger to Improvtt its noise 
Immunity capability. 

Power On Reset - The Power On Reset occurs when a 
positive transition Is detected on Vqq. The Power On Reset 
Is used strictly for power turn on conditions and should not 
tie used to detect any drops in the power supply voltage. 
There is no provision for a power down reset. The power on 
circuitry provides for a 1 920 tcyc delay from the time of the 
first oscillator operation. If the external reset pin is low at the 
end of the 1920 tcyc to^^ °u'> processor remains in the 
reset condition. 

Either of the two types of reset conditions causes the 
following to occur: 

• Timer control register Interrupt reiqu^ bit (bit 7) is 
cleared to a "0". 

• Timer control register interrupt mask ^it (bit 6) is set to 

a"1". 

• All data direction register bits are cleared to a "0" (in- 
puts). 

• Stack pointer is set to $007F 

• The address bus Is forced to the reset vector ($1FFE, 
$1FFF($FFFE, $FFFF) 

• Condition code register interrupt mask bit (1) is set to a "1 " 
■ STOP and WAIT latches are reset. 

• External interrupt latch Is reset. 

All other functions, such as other registers (including output 
ports) the timer, etc., are not cleared by the reset conditions. 

Interrupts 

The C0P6805E2 is capable of operation with three different 
Interrupts, two hardware (timer Interrupt and external inter- 
mpt) and one software (SWI). When any of these interrupts 
occur, normal processing is suspended at the end of the 
current Instruction execution. All of the program registers 
(the machine state) are pushed onto the stack; refer to 
Figure 14 for stacking order. The appropriate vector point- 
ing to the starting address of the interrupt service routine is 
then fetched; refer to^Ftfure 15 for flie li^n^ sequence. 

The prtorlty of the vartoM^.lliterrupis from highest to towest 
Is as foltows: 

RESET -♦*-»■ External Interrupt Timer Interrupt 

TbiMr bitarrupt - If the ttmer «iit9k bit, (TGftft^)»<!l«areclri.. 
then each flme ttie timer decrements to zero (transitions 

"Any eumm Imlniellon Including SWI 



from $01 to $00) an Interrupt request is generated. The 
actual processor interrupt is generated only if the interrupt 
mask bit of the codition code register is also cleared. When 
the Interrupt is recognized, the current state of the machine 
is pushed onto the stack and the l-bit In the condition code 
register is set. This masks further interrupts until the present 
one is serviced. The processor now vectors to the timer 
Interrupts sen/Ice routine. The address for this service 
routine is specified by the contents of $1FF8 and $1FF9 
($FFF8 and $FFF9). The contents of $1FF6 and $1FF7 
{$FFF6 and $FFF7) specify the service routine. Also, soft- 
ware must be used to clear the timer Interrupt request bit 
(TCR7). At the end of the time interrupt service routine, the 
software normally executes an RTI instruction which 
restores the machine state and starts executing the 
Interrupted program. 

External Interrupt. - If the interrupt mask bit of the condi- 
tion code register is cleared and the external interrupt pin 
IRQ is "low", then tiie external interrupt occurs. The action 
of the external interrupt is Identical to the timer internjpt with 
tiie exception that the service routine addres is specified by 
the contents of $1 FFA and $1 FFB (SFFFA and $FFFB). The 
Interrupt logic recognizes both a "wire ORed" level and 
pulses on the external Interrupt line. Figure 1 6 shows both a 
functional diagram and timing for the interrupt line. The tim- 
ing diagram shows two different treatments of the Interrupt 
line (IRQ) to the processor. The first configuration shows 
many interrupt lines "wire ORed" to form the interrupts at 
the processor. Thus, If after servicing an interrupt the IRQ 
remains low, then the next Interrupt is recognized. The 
second method is single pulses on the interrupt line spaced 
far enough apart to be serviced. The minimum time between 
pulses Is a function of the length of the interrupt service 
routine. Once a pulse occurs, the next pulse should not 
occur until the MRU software has exited the routine (an RTI 
occurs). This time (titlL) is obtained by adding 20 instruc- 
tion cycles (one cycle t^yc = 5/fosc) 'o 'he total number of 
cycles It takes to complete the service routine including the 
RTI instruction; refer to Figure 6. 

Software Interrupt (SWI) - The sofhware interrupt is an 
executable Instruction. The action of the SWI instruction is 
similar to the hardware interrupts. The SWI is executed 
regardless of the state of the Interrupt mask in the condition 
code register. The service routine address is specified by 
the contents of memory locations $1FFC and $1FFD 
{$FFFC and $FFFD). See Figure 15 for interrupt and 
instruction Processing Ftowchart 

The following three functions are not strictiy Interrupts; 
however, they are tied very closely to the interrupts. These 
functions are RESET, STOP, WAIT. 

RESET - The RESET input pin and the internal Power On 
Reset function each cause the program to vector to an 
initialization program. This vector Is specified by the 
contents of memory locations $1FFE and $1FFF ($FFFE 
and $FFFF). The interrupt mask of the condition code 
register is also set Refer to R^ET section for details. 
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(a) Interrupt Functional Diagram 
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STOP - The STOP instruction places the CDP6805E2 in a 
low power consumption mode. In the STOP function the 
internal oscillator Is turned off, causing all internal process- 
ing and the timer to be halted; refer to Figure 17. The DS 
and AS lines go to a low state and the R/W line goes to a 
high state. The multiplexed address/data bus goes to the 
data input state. The high order address lines remain at the 
address of the next instruction. The IVIPU remains in the 
STO P mode until an external Interrupt or reset occurs; refer 
to Figure 8 and 17. 
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Fig. 1 7 - Stop tunction flowchart 

During the STOP mode, timer control register (TOR) bits 6 
and 7 are altered to remove any pending timer Interrupt 
requests and to disable any further timer interrupts. External 
interrupte are enabled in the condition code register. Ail 
other registers and memory remain unaltered. All I/O lines 
remain unchanged. 

WAIT - The WAIT instruction places the CDP6805E2 in 
a low power consumption mode, but the WAIT mode 
consumes somewhat more power than the STOP mode; 
refer to Table 1 . In the WAIT function, the internal clock is 
disabled from all internal circuitry except the Timer circuit, 
refer to Figure 18. Thus, all internal processing is halted 



except the Timer, which is allowed to count In a normal 
sequence. The R/W line goes to a high state, the multi- 
plexed address/data bus goes to the data input state, and 
the DS and AS lines go to the low state. The high order 
address lines remain at the address of the next instruction. 
The MPU remains in this state until an external interrupt, 
timer interrupt, or a res6t ttseil^; tfifsr to Bgures 7 and 18. 

During ttie WAIT rnode, the 1-bit in the' condition code 
register is cleared to enatjte Interrupts. All ottier registers, 
memory, and I/O Ibies remain in th^ ja^ state. Ttie timer 
may be enabled to allow a periodic e^ti from the WAIT 
mode, if an external and a timer interrupt occur at the same 
time, the external iriterrupt is serviced first; then, if the timer 
interrupt request is not cleared in the external interrupt 
routine, the normal timer interrupt (not the timer WAIT 
interrupt) is sliced since the MCU is no longer in the WAIT 

Timer 

The MPU timer conteins a slnsto S-^it «>flware program- 
mable counter wWn 7-bit software aeteetabte prescaler. The 
counter may be preset under program control and decre- 
rtliante towards zero. When the counter decrements to zero, 
the timer interrupt request bit, i.e., bit 7 of the Timer Control 
Register (TCR) is set. Then if the timer interrupt is not 
masl<ed, i.e., bit 6 of the TCR and the 1-bit in the Condition 
Code Register are both cleared, the processor receives an 
interrupt. After completion of the current instruction, the 
processor proceeds to the store the appropriate registers 
on the stack, and then fetches the timer vector address from 
locations $1FF8 and $1FF9 ($FFF8 and $FFF9) in order to 
begin servicing the Interrupt, unless it was in locations 
$1 FF6 and $1 FF7 ($FFFe and $FFFf)J^ WAIT mode. 

The counter continues to count after tt reaches zero, 
allowing the software to determine the number of internal or 
external input clocks since the timer interrupt request bit 
was set The counter may be read at any time by the 
processor without distrubing the count. The contents of the 
counter becomes stable prior to the read portion of a cycle 
and does not change during the read. The timer interrupt 
request bit remains set until cleared by the software. If this 
happens before the timer interrupt is serviced, the interrupt 
is lost. TCR7 may also be used as a scanned status bit in a 
non-interrupt mode of operation (TCR = 1 ). 

The prescaler is a 7-b!t divider whic^ is used to extend ttie 
maximum length of the timer. Bit O, bit 1, and bit 2 of the 
TCR are programmed to choose the appropriate prescaler 

output which is used as the counter Input. The processor 
cannot write into or read from the prescaler; however, its 
contents are cleared to all "O's" by the write operat'ion into 
TCR when bit 3 of the written date equals 1, which allows 
for truncation free counting. 

The Timer Input can tie configured- for three different 
operating modes, plus a disabto BHpd^ depending on the 

value written to the TCR4, TCPtS cOfrtrol bits. Refer to the 

Timer Control Register section. 

Timer Input Mode 1 - If TCR4 and TCR5 are both 
programmed to a "0", the input to the Timer is from an inter- 
nal clock and the Timer input is disabled. The internal clock 

mode can be used for periodic interrupt generation, as well 
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Fig. IB - Wait function flowchart. 



as a reference in frequency and event measurement. The in- 
ternal clock is the instruction cycle clocl< and is coincident 
with Address Strobe (AS) except during a WAIT instruction. 
During a WAIT instruction the AS pin goes to a low state but 
the internal clock to the Timer continues to run at its normal 
rate. 

Timer Input Mode 2 - With TCR4= 1 and TCR5 = 0, the 
internal clock and the TIMER input pin are ANDed together 
to form the Timer input signal. This mode can be used to 
measure external pulse widths. The external pulse simply 
turns on the internal clock for the duration of the pulse. The 
resolution of the count in this mode is ± 1 clock and 
therefore accuracy improves with longer input pulse widths. 



Timer Input Mode 3 - If TCR4= and TCR5= 1 , then all 
inputs to the Timer are disabhsdn . - 

Timer Input Mode 4 - If TCR4= 1 and TCR5= 1, the in- 
ternal clock input to the Timer is disabled and the TIMER in- 
put pin becomes the input to the Timer. The external Timer 
pin can, in this mode, be used to count external events 
as well as external f rectuaneies for generating periodic inter- 
rupts. 

Figure 19 shows a block diagram of the Timer subsystem. 
Power-on Reset and the STOP instrueiioh cause the counter 
to be set to $F0. 
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Tinner Control Register (TCR) 
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All bits in this register except bit 3 are Read/Write bits. 

TCf^ — Timer interrupt request bit: bit used to indicate 
the tinier interrupt when it is logic "1". 
1 - Set whenever the counter decrements to zero, or un- 
der program control. 

— Cleared on external reset, power-on reset, STOP in- 

struction, or program control 

TCR6 — Timer interrupt mask bit: when this bit is a logic 
"1" It inhibits the timer interrupt to the processor, 

1 - Set on external reset, power-on reset, STOP instruc- 

tion, or program control. 

— Cleared under program control. 

TCR5 - External or internal bit: selects the input clock 
source to be either the external timer pin or the internal 
clock. (Unaffected bv RESET.) 

1 - Select BKternal clock source. > 

- Select internal clock source (AS). 

TCR4 External »Habte bit: con trol bit useel to enable the 
external tinrer pin. WJnaffeeted by RESET.) 

1 — Enable external timer pin. 
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Refer to Figure 19 for Logic Representation. 



TCR3 - Timer Prescaler Reset bit: writing a "1" to this bit 
resets the prescaler to zero. A r ead of this location always irv 
dicates a "0." (UMfla^tt'flK! ) 



TCR2, TCRl, TCRO - Presca)er^dfW8 bits: decoded to 
select o ne of eight taps on the prescaler. (Unaffected by 

RESET.) 
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SYSTEM CONFIGURATION 

Figures 20 through 24 show in general terms how the 
CDP6805E2 bus structure may be utilized. Specified inter- 
face details vary with the various peripheral and nnemory 
devices employed. 
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Fig, 22 - Conntetlon to latch non-muMptoxed CMOS ROM or EPROM. 
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Fig. 23 - Connection to ttatio CMOS RAMa. 
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Fig. 24 - Connection to latched non-multiplexed CMOS RAM. 



-Mm 



yCDP6805E2. CDP6805E2C. CDP6805E3. CDP6805E3C 



pected results during debug of both software and hardware 
as the control program is executed. The infornnation is 
categorized in groups according to addressing mode and 
number of cycles per instructitm. 



TABLE 4 - SUMMARY OF CYCLE BY CYCLE OPERATION 



Addran Mode 


Cycles 


Cycle 1 


Addreas Bus 


R/W 


LI 


Data Bus 


Instruction* 


Pin 


Pin 


Inhatent 


LSR LSL 
ASR NEG 
CLR ROL 
COM ROR 
DEC INC TST 


3 


1 

2 
3 


Op Code Address 
Op Code Address + 1 
Op Code Address + 1 




1 





Op Code 

Op Code Next Instruction 
Op Code Next Instruction 


TAX CLC SEC 
STOP CLI SEI 
RSP WAIT NOP TXA 


2 


1 
2 


Op Code Address - 
Op Code Address + 1 




1 



Op Code 

Op Code Next Instruction 


RTS ' 


6 


1 

2 
3 
4 
5 
6 


Op Code Address 
Op Code Address + 1 
Stack Pointer 
Stack Pointer + 1 
Stack Pointer +2 
New Op Code Address 


] 


1 









Op Code 

Op Code Next Instruction 
Irrelevant Data 
Irrelevant Data 
Irrelevant Data 
New Op Code 


SWI 


10 


2 
3 
4 
5 
6 
7 
8 
9 
10 


CSn C^nfia Hkeifiraati 

Op Code Address + 1 
Stack Pointer 
Stack Pointer - 1 
Stack Pointer - 2 
Stack Pointer -3 
Stack Pointer -4 

Vector Address 1 FFC (FFFC) (Hex) 
Vector Address 1FFD (FFFD) (Hex) 

Interrupt Routine Starting Address 








1 
1 
1 














On ^nf^p 

Op Code Next Instruction 

Return Address ILO Byte) 
Return Address IHI Byte) 
Contents of Index Register 
Contents of Accumulator 
Contents of CC Register 
Address of Int. Routine (HI Bytel 
Address of Int. Routine ILO Byte) 
Interrupt Routine First Opcode 


RTI 


9 


1 
2 
3 
4 

5 
6 
7 
8 
9 


Op Code Address 
Op Code Address + 1 
Stack Pointer 
Stack Pointer +1 ' 
Stack Pointer +2 
Stack Pointer +3 
Stack Pointer +4 
Stack Pointer + 5 
New Op Code Address 


1 
1 
1 
1 

1 
1 
1 
1 
1 


1 











Op Code 

Op Code Next Instruction 
Irrelevant Data 
Irrelevant Data 
Irrelevant Data 
Irrelevant Data 
Irrelevant Data 
Irrelevant Data 
New Op Code 


Invnodtats 


ADC EOR CPX 
ADD LDA LC^ 
AND ORA BIT 

SBC CMS SUB 


2 


1 

2 


Op Code Address 

Op Code Address + 1 


1-- 
1 


1 




Op Coite 
Operand Data 



Bit Set/ Clear 



1 1 Op Code 

1 Address of Operand 

1 Operand Data 

1 Operand Data 

Manipulated Data 



Bit Teat and Biweh 



BRSET n 
BRCLR n 


5 


1 
2 
3 
4 
5 


Op Code Address 
Op Code Address + 1 
Address of Operand 
Og Code Address -f 2 
OpOa^ Addnis -ft2 


1 
1 
1 
1 

• 1 


o o o O — j 


Op Code 

Addrvi* of Operand 
Operand Qm 
Braiieh Of^ 
Branch Of^ 


Relative 


BCC BHI ONE BEQ 
BCS BPL BHCC BLS 
BIL BMC BRN BHCS 
BIH BMI BMS BRA 


3 


1 
2 
3 


Op Code Address 
Op Code Address + 1 
Op Code Address -f 1 


1 
1 
1 


1 




Op Code 
Brattch Offset 
Brand) Oflset 


BSR 


6 


1 
2 
3 
4 
5 
6 


Op Code Address 
Op Code Address + 1 

Op Code Address + 1 
Subroutine Starting Address 
Stack Pointer 
Stack Pointer - 1 


1 
1 
1 
1 




1 








Op Code 
Branch Offset 

Branch Offset 
First Subroutine Op Code 
Return Address ILO Bytel 
Return Address (HI Byte) 



Table 4 provides a detailed description of the informatian 
pr^m on the Bus, the Read/Write (R/Wl pin and the Load 
incnuction (LI) pin du^ng each cycle for ea^h irtstruction. 
1Mb infoFiration Is ' useful in comparing actual with ax- 



BSET n 
BCLR n 



Op Code Address 
Op Code Address + 1 
Address of Operand 
Address of Operand 
Address of Operand 
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TABLE 4 - SUMMARY OF CYCLE BY CYCLE OPERATION (CONTINUED) 



AddrmMod* 


Cycles 


Cycles 1 




H/W 


u 


Data Bus 


Instructions 


Address Bus 


Pki 


Hn 


Dirsct 














JMP 


2 


1 
2 


Op Code Address 
Op Code Address + 1 




1 




Op Code 
Jump Address 


ADC EOR CPX 
ADD LDA LDX 
AND ORA BIT 
SBC CMP SUB 


3 


1 
2 
3 


Op Code Address 
Op Cods Addnss +1 
Address of Operand 




1 





Op Code 

Address of Opeiisnd 
Operand Data 


TST 


4 


1 
2 
3 
4 


Op Code Address 
Up c^ode Address + 1 
Address of Operand 
Op Code Address + 2 


— j— 

\ 


1 






Op Code 

Address of Operand 

Operand Data 

Op Code Next Instruction 


STA 
STX 


4 


1 
2 
3 
4 


Op Code Address 
Op Code Adrress + 1 
Op Code Address + 1 
Address of Operand 




1 






Op Code 

Address of Operand 
Address of Operand 
Operand Data 


LSL LSR DEC 
ASR NEG INC 
CLR ROL 
COM ROR 


5 


1 
2 
3 
4 
5 


Op Code Address 
Op Code Address + 1 
Operand Address 
Operand Address 
Operand Address 


\ 


1 








Op Code 

Address of Operand 
Current Operand Data 
Current Operand Data 
New Operand Data 


JSR 


6 


1 
2 
3 
4 
5 


Op Code Address 
Op Code Address + 1 
Subroutine Starting Address 
Stack Pointer 
Stack Pointer - 1 






1 







Op Code 

Subroutine Address (LO Byte) 
1st Subroutine Op Code 
Return Address ILO Byte) 
Return Address (HI ByMl 


ExMndad 


JMP 


3 


1 
2 
3 


Op Code Address 

Op Code Addiess + 1 
Op Cyde Address +2 




1 





Op Code 

Jump Address (HI Byte) 
Jump Address (LO Byte) 


ADC BIT ORA 
ADD CMP LDX 
AND EOR SBC 
CPX LDA SUB 


4 


1 

2 

3 

4 


Op Code Address 
Op Code Address + 1 
Op Code Address +2 
Address of Operand 




1 







Op Code 

Address Operand (HI Byte) 
Address Operand (LO Byte) 
Operand Data 


STA 
STX 


5 


1 
2 
3 
4 
5 


Op Code Address 
Op Code Address + 1 
Op Code Address + 2 
Op Code Address + 2 
Address of Operand 




1 







Op Code 

Address of Operand (HI Byte) 
Address of Operand (LO Byte) 
Address of Operand (LO Byte) 
Operand Data 


JSR 


6 


1 
2 
3 
4 
5 
6 


Op Code Address 
Op Code Address + 1 
Op Code Address + 2 
Subroutine Starting Address 
Stack Pointer 
Stack Pointer - 1 






1 








Op Code 

Address of Subroutine (HI Byte) 
Address of Subroutine (LO Byte) 
1st Subroutine Op Code 
Return Address (LO Byte) 
Return Address (HI Byte) 


Indexed, No-Offaet 


JMP 


2 


1 
2 


Op Code Address 
Op Code Address + 1 




1 




Op Code 

Op Code Next Instruction 


ADC EOR CPX 
ADD LDA LDX 
AND ORA BIT 
SBC CMP SUB 


3 


1 
2 
3 


Op Code Address 
Op Code Address + 1 
Index Register 




1 





Op Code 

Op Code Next Instruction 
Operand Data 


TST 


4 


1 
2 
3 
4 


Op Code Address 
Op Code Address +1 
Index Register 
Op Code Address + > 




,1 






Op Code 

Op Code Next Instruction 

Operand Data 

Op Code Next Instruction 


STA 
STX 


4 


1 

2 
3 
4 


Op Code Address 
Op Code Address +1 
Op Code Address + 1 

Inde^x Register 




1 






Op Code 

Op Code Next Instruction 
Op Code Next Instruction 

Operand Data 


LSL LSR DEC 
ASR NEG INC 
CLR ROL 
COM ROR 


5 


1 
2 
3 
4 
5 


Op Code Address 
Op Code Address + 1 
Index Register 
Index Register 
Index Register 




1 







Op Code 

Op Code Next Instruction 
Current Operand Data 
Current Operand Data 
Nev^ Operand Data 


JSR 


5 


1 
2 
3 
4 
5 


Op Code Address 
Op Code Address + 1 
Index Register 
Slack Pointer 
Stac* Pointer - 1 


^ 





1 







Op Code 

Op Code Next Instruction 
Isi Subroutine Op Code 
Return Address (LO Byte) 
Return Address (HI Byte) 
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TABL,E 4 - SUMMARY OF CYCLE BY CYCLE OPERATION (CONTINUED) 



Address Mode 


Cycles 


Cycles f 


Address Bus 


R/W 


LI 


Deta Bus 


Instructions 


Pin 


Pin 


Indexed S-Bit,Pftapt 






1 


Op Code Address 


1 


1 


Op Code 


JMP 


3 


2 


Op Code Address + 1 







OffsM 






3 


Op Code Address + 1 







Offset 


ADC EOR CPX 




1 


Op Code Address 




1 


Op Code 


ADD LDA LDX 


4 


2 


Op Code Address + 1 


i 





Offset 


AND ORA CMP 




3 


Op Code Address + 1 







Offset 


SUB BIT SBC 




4 


Index Register + Offset 







Operand Data 






1 


Op Code Address 




1 


Op Code 


STA 
STX 


6 


2 

3 
4 


Op Code Address + 1 
Op Code Address + 1 
Op Code Address + 1 


I 








Offset 
Offset 
Offset 






5 


Index Register + Offset 







Operand Data 






1 


Op Code Address 




1 


Op Code 






2 


Op Code Address + 1 


1 





Offset 


TST 


5 


3 


Op Code Address + 1 







Offset 






4 

5 


Index Register + Offset 
Op Code Address +2 








Operand Data 

Op Code NWrt Instfuetion 


LSL LSR 
ASR NEG 
CLR ROL 
COM ROR 
DEC INC 


6 


1 
2 
3 
4 

5 
6 


Op Code Address 
Op Code Address + 1 

Op Code Address + 1 
Index Register + Offset 
Index Register + Offset 
Index Register + Offset 




o o o o o 


Op Code 
Offset 

Offset 

Current Operand Data 
Current Operand Data 
New Operand Data 






1 


Op Code Address 




1 


Op Code 






2 


Op Code Address + 1 







Offset ' 


JSR 


6 


3 
4 


Op Code Address + 1 

Index Register + Offset 








Offset 

1st Subroutine Op Code 






5 


Steele Pointer 








Return Address LO Byte 






6 


Stack Pointer - 1 








Return Address HI Byte 


Indexed. 16-Bit Offset 






1 


Op Code Address 




1 


Op Code 


JMP 


4 


2 


Op Code Address + 1 







Offset (HI Bytel 




3 


Op Code Address + 2 







Offset (LO Byte) 






4 


Op Code Address + 2 







Offset (LO Bvtel 


ADC CMP SUB 
ADO EOR SBC 
AND ORA 
CPX LDA 


5 


1 
2 
3 
4 


Op Code Address 
Op Code Address + 1 
Op Code Address + 2 
Op Code Address +2 




1 






Op Code 
OffsM (HI Byte) 
Offset fLO %te) 
Offset ILO Bytel 


BIT LDX _ 




5 


Index Register -H Offset 







Operand Data 






1 


Op Code Address 




1 


Op Code 






2 


Op Code Address + 1 







Offset (HI Byte) 


STA 
STX 


6 


3 
4 

5 
6 


Op Code Address + 2 
Op Code Address + 2 
Op Code Address + 2 
Index Register + Offset 










Offset (LO Byte) 
Offset iiO Byte) 
Offset ILO Byte) 
Operand Data 






1 


Op Code Address 




1 


Op Code 






2 


Op Code Address + 1 







Offset (HI Byte) 






3 


Op Code Address + 2 







Offset (LO Byte) 


JSR 


7 


4 


Op Code Address + 2 







Offset (LO Byte) 






5 
6 
7 


Index Register + Offset 
Stacl< Pointer 
Stack Pointer - 1 










1 n f- 


1st Sukveutine Op Code 
Return MiJi^ (LO Byte) ' 
Rsifm Address (HO Byte) 
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TABLE 4 - SUMMARY OF CYCLE BY CYCLE OPERATION (CONTINUEOI 



tnstfuctions 


Cycles 


Cycles # 


Address Bus 


RESET 

Pin 


R/W 
Pin 


LI 
Pin 


Data Bus 


Other Functions 


Hardware RESET 


5 


1 
2 
3 
4 
5 


$1FFE($FFFE) 
$1FFE($FFFE) 
$1FFE($FFFE) 
$1FFE($FFFE) 
$1FFE($FFFE) 
$1FFF($FT=FF) 
Reset Vector 






1 
1 
1 
1 

1 
1 

1 














Irrelevant Data 
Irrelevant Data 
Irrelevant Data 
Irrelevant Data 
Vector High 
Vector Low 
Op Code 


Power on Reset 


1922 


1 


$1 FFE($FFF^ 




1 





Irrelevant Data 


• • • • • • 

• • • • • • 

• • • • • • 


1919 
1920 
1921 
1922 


$1FFE($FFFE) 
$1FFE($FFFE) 
$1FFF($FFFF) 
Reset Vector 


1 

1 
1 
1 


1 
1 
1 
1 








Irrelevant Data 
Vector High 
Vector Low 
Op Code 


Instruelfon 


Cycles 


Cycles t 


Address Bus 


iro 

Pin 


R/W 
Pin 


LI 
Pin 


Data Bus 


IRQ Interrupt 

ITImer Vector $1FF8, $1FF9) 


10 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


Last Cycle of Previous 
Instruction 

Next Op Code Address 
Next Op Code Address 

SP 

SP-1 
SP-2 
SP-3 
SP-4 

$1 FFA ($FFFA) 
$1FFB{$FFFB) 
TO5, Vector 





X 
X 
X 
X 
X 
X 
X 
X 
X 


X 

1 
1 








1 
1 
1 


oooooooooo o 


X 

Irrelevant Data 
Irrelevant Data 
Return Address ILO Bytel 
Return Address INI Byte) 
Contents Index Reg 
Contents Accumulator 
Contents CC Register 
Vector High 
Vector Low 
Im Roufme First 
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Instruction Set 

All members of the CDP680S and CDP68HC05 families of 
MCUs share an identical register set with variations only in 
the width of the program counter (PC) and stack pointer 
(SP), and variations In memory and I/O facilities. Since all 1/ 
O is memory mapped, no special Instructions are needed to 
handle the differences between devices. 

A common set of 61 basic Instructions are used, by all 
COP6805 and CDP68HC05 MCUs, to operate on the regis- 
ters and memory. In addition to the shared set, all 
CDP68HC0S MCUs have one additlcnal in^ruetion - Multi- 
ply (MUL). 

The instruction set can be divided into five different 
types: register/memory, read-modify-write, branch, bit 
manipulation, and control. The following paragraphs briefly 
explain each type. All the instructions within a given type are 
presented in individual tables. 



Register/Memory Instructions 

Most of these Instructions use two operands. The first oper- 
and is either the accumulator or the index register. The sec- 
ond operand is obtained from memory using one of the 
addressing modes. The operand for the jump unconditional 
(JMP) and jump to subroutine (JSR) Instructions Is the pro- 
gram counter. Refer to Table 1. 

Read-Modlfy-Write Instructions 

These instructions read a memory location or a register, mod- 
ify or test its contents, and write the modified value tjack to 
memory or to the register The test for negative or zero (TST) 
instruction Is an exception to the read-modify-write sequence 
since it does not modify the value. Refer to Table 2. 
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TABLE 1. REGISTER/MEMORY INSTRUCTIONS 



FUNCTION 


MNEM 


ADDRESSING MODES 


IMMEDIATE 


DIRECT 


EXTENDED 


INDEXED 
(NO OFFSET) 


INDEXED 
(8-BIT OFFSET) 


INDEXED 
(16-BIT OFFSET) 


OP 
CODE 


NO. 
BYTES 


NO. 
CYCLES 


OP 

CODE 


NO. 
BYTES 


NO. 
CYCLES 


OP 
CODE 


NO. 
BYTES 


NO. 
CYCLES 


OP 
CODE 


NO. 
BYTES 


NO. 
CYCLES 


OP 
CODE 


NO. 
BYTES 


NO. 
CYCLES 


OP 
CODE 


NO. 
BYTES 


NO. 
CYCLES 


Load A from 
Memory 


LDA 


A6 


2 


2 


86 


2 


3 


C6 


3 


4 


F6 




3 


E6 


2 


4 


D6 


3 


5 


Load X from 
Memory 


LDX 


AE 


2 


2 


BE 


2 


3 


CE 


3 


4 


FE 




3 


EE 


2 


4 


DE 


3 


5 


Store A 
in Memory 


STA 


- 


- 


- 


B7 


2 


4 


C7 


3 


5 


F7 




4 


E7 


2 


5 


07 


3 


6 


Store X 
In Memory 


STX 


- 


- 


- 


BF 


2 


4 


CF 


3 


5 


FF 




4 


EF 


2 


5 


DF 


3 


6 


AddMeirraty 
to A 


ADD 


AB 


2 


2 


BB 


2 


3 


CB 


3 


4 


FB 




3 


EB 


2 


4 


DB 


3 


5 


Add Memory 
and Carry to A 


ADC 


A9 


2 


2 


B9 


2 


3 


C9 


3 


4 


F9 




3 


E9 


2 


4 


D9 


3 


5 


Subtract 
Memory 


SUB 


AO 


2 


2 


BO 


2 


3 


CO 


3 


4 


FO 


—r- 


3 


EO 


2 


4 


DO 


3 


5 


Subtract 
Memory From A 
with Borrow 


SBC 


A2 


2 


2 


B2 


2 


3 


C2 


3 


4 


F2 




3 


E2 


2 


4 


D2 


3 


5 


AND Memory 
to A 


AND 


A4 


2 


2 


B4 


2 


3 


C4 


3 


4 


F4 


1 


3 


E4 


2 


4 


D4 


3 


5 


DR Maitww 
^/ri pnvt 1 ml y 

wlthA 


ORA 


AA 


2 


2 


BA 


2 


3 


CA 


3 


4 


FA 


1 


3 


EA 


2 


4 


DA 


3 


5 


Memory with A 


EOR 


A8 


2 


2 


B6 


2 


3 


C8 


3 


4 


F8 




3 


E8 


2 


4 


D8 


3 


5 


ArtllMnfltic 
CotnpBra 
A wilh Memory 


CMP 


A1 


2 


2 


B1 


2 


3 


01 


3 


4 


F1 




3 


El 


2 


4 


D1 


3 


5 


Arithmetic 
Comparo X 
with Memory 


CPX 


A3 


2 


2 


B3 


2 


3 


C3 


3 


4 


F3 


"T 


I' 3 


E3 


2 


4 


D3 


3 


5 


Bit Test Memory 

wtthA(Loglc8i 

Compare) 


BIT 


A5 


2 


2 


B5 


2 


3 


05 


3 


4 


F5 


1 


3 


E5 


2 


4 


05 


3 


5 


Jump 

UnoondHlofal 


JMP 








BC 


2 


2 


CO 


3 


3 


FC 


1 


2 


EC 


2 


3 


DC 


3 


4 


Jump to 
Subroutine 


JSR 








BD 


2 


2 


CD 


3 


3 


FD 


1 


5 


ED 


2 


6 


DO 


3 


7 
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TABLE 2. READ-MODIFY-WRITEINSTRUC110NS 







ADDRESSING MODES 






INHERENT (A) 


INHERENT (X) 


DIRECT 


INDEXED 
(NO OFFSET) 


INDEXED 
8-BIT OFFSET) 






OP 

CODE 


NO. 
BYTES 


NO. 
CYCLES 


OP 
CODE 


NO. 
BYTES 


NO. 
CYCLES 


OP 
CODE 


NO. 
BYTES 


NO. 
CYCLES 


OP 
CODE 


NO. 
BYTES 


NO. 
CYCLES 


OP 
CODE 


NO. 
BYTES 


NO. 
CYCLES 


IncremQnt 


INC 


40 




3 


5C 




3 


3C 


2 


5 


7C 




5 


60 


2 


6 


Decrement 


DEC 


4A 




3 


5A 




3 


3A 


2 


5 


7A 




5 


6A 


2 


6 


Clear 


CLR 


4F 




3 


5F 




3 


3F 


2 


5 


7F 




5 


6F 


2 


6 


Complement 




43 




3 


53 




3 


33 


2 


5 


73 




5 


63 


2 


6 


Negate 

(2*8 Complement) 


NEG 


40 




3 


50 




3 


30 


2 


5 


70 




5 


60 


2 


6 


Rotats.LeltThru 
Cany 


ROL 


49 




3 


59 




3 


39 


2 


5 


79 




5 


69 


2 


6 


Rotate Right Thai 
Carry 


ROR 


46 




3 


56 




3 


36 


2 


5 


76 




5 


66 


2 


6 


Logical Shift Left 


LSL 


48 




3 


58 




3 


38 


2 


5 


78 




5 


68 


2 


6 


Logical Shift Right 


LSR 


44 




3 


54 




3 


34 


2 


5 


74 




5 


64 


2 


6 


Arithmetic 
Shift Right 


ASR 


47 




3 


57 




3 


37 


2 


5 


77 




5 


67 


2 


6 


Test for Negative or 
Zero 


TST 


4D 




3 


5D 




3 


3D 


2 


4 


7D 




4 


6D 


2 


5 
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Branch InalrucHons 

Most branch .iTM^MOtio'is the state of the condition code 
register and if certain criteria are met, a branch is executed. 
This adds an offset between -127 and +128 to the current 

program counter. Refer to Table 3. 

TABLE 3. BRANCH INSTRUCTIONS 







RELATIVE ADDRESSING 
MODE 


FUNCTION 


MNEM 


OP 
CODE 


NO. 
BYTES 


NO. 
CYCLES 


Branch Always 


BRA 


20 


2 


3 


Branch Never 


BRN 


21 


2 


3 


Branch IFF Higher 


BHI 


22 


2 


3 


Branch IFF Lower or 
Same 


BLS 


23 


2 


3 


Branch IFF Carry 
Clear 


BCC 


24 


2 


3 


(Branch IFF Higher or 
Same) 


(BHS) 


24 


2 


3 


Branch IFF Carry Set 


BCS 


25 


2 


3 


(Branch IFF Ijiwar)^'' 


mm 


25 


2 


3 


Branch IFF Not Equal 


BNE 


26 


2 


3 


Branch IFF Equal 


BEQ 


27 


2 


3 


Branch IFF Hs)f Carry. 
Clear ' 


B^CC 


29 


2 


3 


Branch IFF Half Canry 

Set 


BHCS 


29 


2 


3 


Branch IFF Plus 


BPL 


2A 


2 


3 


Branch IFF Minus 


BMI 


2B 


2 


3 


Branch IFF Interrupt 
Mask Bit is Clear 


BMC 


2C 


2 


3 


Branch IFF Interrupt 
Mask Bit is Set 


BMS 


2D 


2 


3 


Branch IFF Interrupt 
Line is Low 


BIL 


2E 


2 


3 


Branch IFF Interrupt 
Line is High 


BIH 


2F 


2 


3 


Branch to Subroutine 


BSR 


AO 


2 


6 


^ - J '. . 


^ : i >. 
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Bit Manipulation instruction* 

The MCU is capable of setting or clearing any bit which 
resides in the first 256 t>ytes of the memory space except for 
ROM, port D data location ($03), serial peripheral status reg- 
ister ($06), serial communications status register (10), timer 
status register ($13), and timer input capture register ($14 - 
$15). Ail port registers, port DDRs, timer, two serial systems, 
on-chip RAM, and 48 bytes of ROM reside in the first 256 
bytes (page zero). An additional feature allows the software 
to test and branch on the state of any bit within the first 256 
locations. The bit set, bit dear, and bit test and branch func- 
tions are all implemented with a single Instruction. For the 
test and brandi instmctions, the value of the bit tested is 
automatically placed In the carry bit of the condition code 
register. Refer to Table 4. 

TABLE 4A. BIT SET/CLEAR INSTRUCTIONS 



FUNCTION 


MNEM 


OP 
CODE 


NO. 
BYTES 


NO. 
CYCLES 


Set Bit n 


BSET 

n (n = . . .7) 


10 + 2'n 


2 


5 


Clear Bit n 


BCLR 

n (n = . . .7) 


11 +2«n 


2 


5 


TABLE 4B. BITTEST AND BRANCH INSTRUCTIONS 


FUNCTION 


MNEM 


OP 
CODE 


NO. 
BYTES 


NO. 
CYCLES 


Branch IFF 
Bit n is Set 


BRSET 

n (n = . . . 7) 


2^1 


3 


5 


Branch IFF 
Bit n is Clear 


BRCLR 

n(n = 0...7) 


01 +2«n 


3 


5 
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Control Instructions 

These instructions are register reference instructions and 
are used to control processor operation during program exe* 
cutlon. Refer to Table 5. 

TABLE 5. CONTROL INSTRUCTIONS 



FUNCTION 


MNEM 


INHERENT 


OP 

CODE 


NO. 
BYTES 


NO. 

CYCLES 


Trarisfer A to X 


TAX 


97 


1 


2 


Transfer X to A 


TXA 


9F 


1 


2 


Set Carry Bit 


SEC 


99 


1 


2 


Clear Carry Bit 


CLC 


98 


1 


2 


Set Interrupt Mask Bit 


SEI 


9B 


1 


2 


Clear Intenupt Mask 
Bit 


CLI 


9A 




2 


Software Interrupt 


SWI 


83 




10 


Return from Subroutine 


RTS 


81 




6 


Return from Interrupt 


RTI 


80 




9 


Reset Stack Pointer 


RSP 


9C 




2 


No-Operatlon 


NOP 


9D 




2 


Stop 


STOP 


8E 




2 


Wait 


WAIT 


8F 




2 



Alphabetical Usting 

This cbctijpWg Iri^cilbn set ii givift in arphfib^nil dnier In 
Tables. 

Opcode Map 

Table 7 Is an opcode map for the instructlors used on the 
MCU. 



Addressing Modes 

TTie MCU uses ten different addressing modes to pen/He^ 
ptogtBinmer wHh ah opportunity to optimize the code to il'IMI^ 
ations. The vlartDOs Indexed addressing modes mkB't poH^ 
ble to locate data tables, code convei^ tabte^ Ml Se^Wlf 
tables anyw^iere In thememory spacft'gtlP it ilrteMBd accesaee 
are single byte instnictions, while the longest 4tistaieiion&PiM, 
bytes) pemiH aotsessing tables throughout memory. Short abso- 
lute (direct) and long at)solute (extended) addressing are also 
included. One and two byte direct addressing instructions 
access all data bytes in most applications. Extended address- 
ing permits jump instructions to reach all memory. Table 7 
shows the addressing modes for ^ch instruction, with the 
effects each Instnjction hee on the condnbn eede re^ster. 

The term "effective address" (EA) is used in describing the vari- 
ous addressing modes, and is defined as the byte address to or 
from which the argument for an instruction is fetched or stored. 
The ten addressing modes of tfie processor are described 
bebw. Parentheses are used to indicate "contents of the loca- 
tion or register referred to; e.g., (PC) indicates the contents of 
the kjcatian pointed to by the PC. An anrnw.- Imlieates "is 
replaced by", and a colon Ridicates concatenation of two bytes. 

Inherent igyif,, ■ 

In inherent instructions, all the information necessary to exe- 
cute the Instruction is contained in the opcode. Operations 
specifying only the index register or accumulatoCi anCpp; 
other arguments, are Included in this mode. < 

Immediate • ^i^v | , 

In immediate addressing, the operand Is cont ain ed in the byte 
immediately foltowing the opcode. Immediate addressing is 
used to access constants which do not chan£|(it(j|ui1ng program 
execution (e.g., a constant used to initialize alckip counter). 

EA = PC + 1;Pe«-PC + 2 

Direct 

In the direct addressing mode, the effective address of the 
argument is contained in a single byte following the opcode 
byte. Direct addressing allows the user to directly address the 
lowest 256 bytes in memory with a single two byte instruction. 
This includes most on-chip RAM and all I/O registers. Direct 
addressing Is efficient 'n both memory ai|cl tkHMS' 

EA=(PC+1);PC«-PC + 2 

Address Bus High 0; Address Bus Low <- (PC -i- 1) 

Extended ^« ^ " 

In ttie extended addressing mode, the effective address of 
the argument is contained in the two bytes following the 
opcode. Instructions with extended addressing modes are 
capable of referencing arguments anywhere in memory with 
a single three-byte instruction. < 

EA = (PC + 1) : (PC ■^ 2); PC «- PC ■^ 3 

Address Bus High «- (PC * 1); Address Bus Low «- (PC + 2) 



TABLES. MSTRUCnON SET 



MNEM 


ADDRESSING MODES 


CONDITION 
CODES 


INHERENT 


IMMEDIATE 


DIRECT 


EXTENDED 


RELATIVE 


INDEXED 

(NO 
OFFSET) 


INDEXED 
(8-BITS) 


INDEXED 
(16-BITS) 


BIT SET/ 
CLEAR 


BIT TEST 

AND 
BRANCH 


H 


1 


N 


Z 


C 


ADC 












X 


X 


X 






A 


• 


A 


A 


A 


ADD 




X 


X 


X 




X 


X 


X 






A 


• 


A 


A 


A 


AND 




X 


X 


X 




X 


X 


X 






• 


• 


A 


• 


A 


ASL 


X 




X 






X 


X 








• 


• 


A 


A 


A 


ASR 


X 




X 






X 


X 








• 


• 


A 


A 


A 


BCC 










X 












• 


• 


• 


• 


• 


BCLR 


















X 




• 


• 


• 


• 


• 


BCS 










X 












• 


• 


• 


• 


• 


BEQ 










X 












• 


• 


• 


• 


• 


BHCC 








X 












• 


• 


• 


• 


• 


BHCS 










X 












• 


• 


• 


• 


• 


BHI 










X 












• 


• 


• 


• 




BHS 










X 












• 


• 


• 


• 


• 


BIH 










X 












• 


• 


• 


• 


• 


BIL 










X 












• 


• 


• 


• 


• 


BIT 




X 


X 


X 




X 


X 


X 






• 


• 






• 


BLO 










X 












• 


• 


• 


• 


• 


BLS 










X 












• 


• 


• 


• 


• 


BMC 










X 












• 


• 


• 


• 


• 


BMI 










X 












• 


• 


• 


• 


• 


BMS 










X 












• 


• 


• 


• 


• 


BNE 










X 












• 


• 


• 


• 


• 


BPL 










X 












• 


• 


• 


• 


• 


BRA 










X 












• 


• 


• 


• 


• 


BRN 










X 












• 


• 


• 


• 


• 


BRCLR 




















X 


• 


• 


• 


• 


A 


BRSET 




















X 


• 


• 


• 


• 


A 


BSET 


















X 




• 


• 


• 


• 


• 


BSR 










X 






















CLC 


X 































CLI 


X 






























CLR 


X 




X 






X 


X 















1 




CMP 




X 


X 


X 




X 


X 


X 










A 


A 


A 


COM 


X 




X 






X 


X 












A 


A 


1 


CPX 




X 


X 


X 




X 


X 


X 










A 


A 
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TABLE S, INSTRUCTION SET (Continued) 



MNEM 


ADDRESSING MODES 


CONDITION 

CODES 


INHERENT 


IMMEDIATE 


DIRECT 


EXTENDED 


RELATIVE 


INDEXED 

(NO 
OFFSET) 


INDEXED 
(8-BITS) 


INDEXED 
(16-BITS) 


BIT SET/ 
CLEAR 


BIT TEST 

AND 
BRANCH 


H 


1 


N 


z 


C 


DEC 


X 




X 






X 


X 












A 


A 


• 


EOR 




X 


X 


X 




X 


X 


X 










A 


A 




INC 


X 




X 




















A 


A 


• 


JMP 






X 


X 




X 


X 


X 










. 






JSR 






X 


X 




X 


X 


X 










. 


. 




LDA 




X 


X 


X 




X 


X 


X 










A 


A 




LDX 




X 


X 


X 




X 


X 


X 










A 


A 


. 


LSL 


X 




X 






X 


X 












A 


A 


A 


LSR 


X 




X 






X 


X 















A 


A 


MULt 


X 
























• 


• 





NEG 


X 




X 






X 


X 










• 


A 


A 


A 


NOP 


X 
























. 


. 




ORA 




X 


X 


X 




X 


X 


X 










A 


A 




ROL 


X 




X 






X 


X 




1 








A 


A 


A 


ROR 


X 






















A 


A 


A 


RSP 


X 
























. 


. 


. 


RTI 


X 


























9 




RTS 


X 
























• 


• 


• 






X 


X 


X 




X 


X 


X 










A 


A 


A 




X 
























• 




1 


Oct 


X 




























. 


CTA 






X 


X 




X 


X 


X 










A 


A 




STOP 


X 
























• 


• 


• 








X 


X 




X 


X 


X 










A 


A 




SUB 




X 


X 


X 




X 


X 


X 










A 


A 




SWI 


X 
























• 


• 




TAX 


X 






























TST 


X 




X 






X 


X 












A 


A 




TXA 


X 






























WAIT 


X 

























• 


• 


Li] 



Condition Code Symbols: 

H = Half Carry (from Bit 3) A Test and Sat if True Cleared Othenwise -4 *~ 

I = Interrupt MasK •eNotAffaclBCl ~ — ■ — 

N = Negate (Sign Bit) ? = Load CC Register From Stack - ' 

Z = Zero = Cleared C = Carry/Borrow 1 = Set 



. . . . J 

4* 



TABLE 7. INSTRUCTION SET OPCODE MAP 





BIT 

MANIPULATION 


BRANCH 


READ/MODIFY/WRITE 


CONTROL 


REGISTER/MEMORY 


BTB 


BSC 


REL 


OIR 


INH 


INH 


1X1 


IX 


INH 


INH 


IMM 


DIR 


EXT 


1X2 


1X1 


IX 




HI 

LOW 



0000 


1 

0001 


2 

0010 


3 
0011 


4 

0100 


5 
0101 


6 

0110 


7 

0111 


8 

1000 


9 
1001 


A 
1010 


B 
1011 


C 
1100 


D 
1101 


E 
1110 


F 
1111 


HI 

LOW 




0000 


5 

BRSETO 
3 BTB 


5 

BSETO 
2 BSC 


3 

BRA 
2 REL 


5 

NEQ 
2 D!R 


3 

NEGA 
1 INH 


3 

NEGX 
1 NH 


6 

NEG 
2 1X1 


5 

NEG 
1 IX 


9 

RTI 
1 INH 




2 

SUB 
2 IMM 


3 

SUB 
2 DIR 


4 

SUB 
3 EXT 


5 

SUB 
3 1X2 


4 

SUB 
2 1X1 


3 

SUB 
1 IX 



0000 


1 

0001 


5 

BRCLRO 
3 BTB 


5 

BCLRO 
2 BSC 


3 

BRN 
2 REL 












6 

RTS 
1 INH 




2 

CMP 
9 IMM 

C IIVIIVI 


3 

CMP 
2 DIR 


4 

CMP 
3 EXT 


5 

CMP 
3 1X2 


4 

CMP 
2 1X1 


3 

CMP 
1 IX 


1 

0001 


2 
0010 


5 

BRSET1 
3 BTB 


5 

BSET1 

a BSC 


3 

BHI 
2 REL 




11 
MULt 
1 INM 












2 

SBC 

£ IIVIIVI 


3 

SBC 
2 DIR 


4 

SBC 
3 EXT 


5 

SBC 
3 1X2 


4 

SBC 
2 1X1 


3 

SBC 
1 IX 


2 
0010 


3 
0010 


5 

BRCLR1 
3 BTB 


5 

BCLR1 
2 BSC 


3 

BLS 
2 REL 


5 

COM 
2 DIR 


3 

COMA 
1 INH 


3 

COMX 
1 INH 


6 

COM 
2 1X1 


5 

COM 
1 IX 


10 

SWI 
1 INH 




2 

CPX 
9 IMM 

£ IIVIIVI 


3 

CPX 
2 DIR 


4 

CPX 
3 EXT 


5 

CPX 
3 1X2 


4 

CPX 
2 1X1 


3 

CPX 
1 IX 


3 

0010 


4 
0100 


5 

BRSET2 
3 BTB 


5 

BSET2 
2 BSC 


3 

BCC 
2 REL 


5 

LSR 

2 DTR 


3 

LSRA 
1 INH 


3 

LSRX 
1 INH 


6 

LSR 

2 1X1 


5 

LSR 

1 IX 






2 

AND 

2 IMM 


3 

AND 

2 DIR 


4 

AND 

3 EXT 


5 

AND 
3 1X2 


4 

AND 
2 1X1 


3 

AND 
1 IX 


4 
0100 


5 

0100 


5 

BRCLR2 
3 BTB 


5 

BCLR2 
2 BSC 


3 

BCS 
2 REL 
















2 

BIT 
2 IMM 


3 

BIT 
2 DIR 


4 

BIT 
3 EXT 


5 

BIT 
3 1X2 


4 

BIT 
2 1X1 


3 

BIT 
1 IX 


5 

010O 


6 
0110 


5 

BRSET3 
3 BTB 


5 

BSET3 
2 BSC 


3 

BNE 
2 REL 


5 

ROR 
2 DIR 


3 

RORA 
1 INHY 


3 

RORX 
1 INH 


6 

ROR 
2 1X1 


5 

ROR 
1 IX 






2 

LDA 
2 IMM 


3 

LDA 
2 DIR 


4 

LDA 
3 EXT 


5 

LDA 
3 1X2 


4 

LDA 
2 1X1 


3 

LDA 
1 IX 


6 

0110 


7 
0111 


5 

BRCLR3 
3 BTB 


5 

BCLR3 
2 BSC 


3 

BEQ 
2 REL 


5 

ASR 
2 DIR 


3 

ASRA 
1 INH 


3 

ASRX 
1 INH 


6 

ASR 
2 1X1 


5 

ASR 
1 IX 




2 

TAX 
1 INH 




4 

STA 

2 DIR 


5 

STA 
3 EXT 


6 

STA 
3 1X2 


5 

STA 
2 1X1 


4 

STA 
1 IX 


7 
0111 


8 
1000 


5 

BRSET4 
3 BTB 


5 

BSET4 
2 BSC 


3 

BHCC 
2 REL 


5 

LSL 
2 DIR 


3 

LSLA 
1INH 


3 

LSLX 
1 INH 


6 

LSL 
2 1X1 


5 

LSL 
1 IX 




2 

CLC 
1 INH 


2 

EOR 
2 IMM 


3 

EOR 
2 DIR 


4 

EOR 
3 EXT 


5 

EOR 
3 1X2 


4 

EOR 

2 1X1 


3 

EOR 
1 IX 


8 

1000 


9 
1001 


5 

BRCLR4 
3 BTB 


5 

BCLR4 
2 BSC 


3 

BHCS 
2 REL 


5 

ROL 
2 DIR 


3 

ROLA 
1 INH 


3 

ROLX 
1 INH 


6 

ROL 
2 1X1 


5 

ROL 
1 IX 




2 

SEC 
1 INH 


2 

ADC 
2 IMM 


3 

ADC 
2 DIR 


4 

ADC 
3 EXT 


5 

ADC 
3 1X2 


4 

ADC 
2 1X1 


3 

ADC 
1 IX 


9 
1001 


A 

1010 


5 

BRSET5 
3 BTB 


5 

BSET5 
2 BSC 


3 

BPL 
2 REL 


5 

DEC 
2 DIR 


3 

DECA 
1 INH 


3 

DECX 
1 INH 


6 

DEC 
2 1X1 


5 

DEC 
1 IX 




2 

CLI 
1 INH 


2 

ORA 
2 IMM 


3 

ORA 
2 DIR 


4 

ORA 
3 EXT 


5 

ORA 
3 1X2 


4 

ORA 
2 1X1 


3 

ORA 
1 IX 


A 
1010 



INSTRUCTION 
SET 



I 



TABLE 7. INSTRUCTION SET OPCODE MAP (Continued) 





BIT 

MANIPULATION 


BRANCH 


READ/MODIFY/WRITE 


CONTROL 


REGISTER/MEMORY 


BIB 


BSC 


REL 


DIR 


INH 


INH 


1X1 


IX 


INH 


INH 


IMM 


DIR 


EXT 


1X2 


1X1 


IX 




HI 

LOW 



0000 


1 

0001 


2 

0010 


3 
0011 


4 

0100 


5 
0101 


6 
0110 


7 
0111 


8 

1000 


9 
1001 


A 

1010 


B 
1011 


C 
1100 


D 
1101 


E 
1110 


F 
1111 


HI 

LOW 


B 

1011 


5 

BRCLR5 
3 BTB 


5 

BCLR5 
2 BSC 


3 

BMI 

2 Re;. 














2 

SEI 
1 INH 


2 

ADD 
2 IMM 


3 

ADD 
2 DIR 


4 

ADD 
3 EXT 


5 

ADD 
3 1X2 


4 

ADD 
2 1X1 


3 

ADD 
1 IX 


B 
1011 



1100 


5 

BRSET6 
3 BTB 


5 

BSET6 
2 BSC 


3 

BMC 
2 REL 


5 

INC 
2 DIR 


3 

INCA 
1 INH 


3 

INCX 
1 INH 


6 

INC 
2 1X1 


5 

INC 
1 IX 




2 

RSP 
1 INH 




2 

JMP 
2 DIR 


3 

JMP 
3 EXT 


4 

JMP 
3 1X2 


3 

JMP 
2 1X1 


2 

JMP 
1 IX 


C 
1100 


D 
1101 


5 

BRCLR6 
3 BTB 


5 

BCLR6 
2 BSC 


3 

BMS 
2 REL 


4 

TST 
2 DIR 


3 

TSTA 
1 INH 


3 

TSTX 
1 INH 


5 

TST 
2 1X1 


4 

TST 
1 IX 




2 

NOP 
1 INH 


6 

BSR 
2 REL 


5 

JSR 
2 DIR 


6 

JSR 
3 EXT 


7 

JSR 
3 1X2 


6 

JSR 
2 1X1 


5 

JSR 
1 IX 


D 
1101 


E 
1110 


5 

BRSET7 
3 BTB 


5 

BSET7 
2 BSC 


3 

BIL 
2 REL 












2 

STOP 
1 INH 




2 

LDX 
2 IMM 


3 

LDX 
2 DIR 


4 

LDX 
3 EXT 


5 

LDX 
3 1X2 


4 

LDX 
2 1X1 


3 

LDX 
1 IX 


E 
1110 


F 
1111 


5 

BRCLR7 
3 BTB 


5 

BCLR7 
2 BSC 


3 

BIH 
2 REL 


5 

CLR 
2 DIR 


3 

CLRA 
1 INH 


3 

CLRX 
1 INH 


6 

CLR 
2 1X1 


5 

CLR 
1 IX 


2 

WAIT 
1 INH 


2 

TXA 
1 INH 




4 

STX 
2 DIR 


5 

STX 
3 EXT 


6 

STX 
3 1X2 


5 

STX 
2 1X1 


4 

STX 
1 IX 


F 
1111 



i 

3" 

(A 

I 



O 



t MuWply (MUL) Is only available on HC versions of the 6805 



Abbreviations for Address Modes: 
INH = Inherent 

A = Accumulator 

X s Index Register 
IMM = Immediate 
DIR = Direct 
EXT=Extended 
REL = Relative 



LEQEND 



.OPCODE m 
HEXAOEaMAL 





CDPems/CtXmmcOS ImtmeHon Set 



Indexed, No Offset 

In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-blt index regis- 
ter. Thus, this addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode Is used to move a pointer through a table or 
to address a frequently referenced RAM or I/O location. 

EA = X:PC4-PC + 1 

Address Bus High <- 0; Address Bus Low «- X 
Indexed, 8-Bit Offset 

Here the EA is obtained by adding the contents of the byte 
following the opcode to that of the index register; therefore, 
the operand is located anywhere within the lowest 511 mem- 
ory locations. For example, this mode of addressing is useful 
for selecting the mth element in a n element table. All 
instructions are two bytes. The content of the index register 
(S) is not changed. The content of {PC + 1) is an unsigned 8- 
bit integer. One byte offset indexing permits look-up tables to 
be easily accessed in either RAM or ROM. 

EA = X -t- (PC + 1 ): PC <- PC + 2 

Address Bus High «- K; Address Bus Low <- X -t- (PC + 1) 

where: K = the carry from the addition of x + (PC + 1). 

Indexed, 16-Bit Offset 

in the indexed, 16-bit offset addressing mode, the effective 
address Is the sum of the contents of the unsigned 8-blt Index 
register and the two unsigned bytes following the opcode. 
This addressing mode can tie used in a manner similar to 
Indexed 8-bit offset, except that this three t>yte instruction 
allows tables to l3e anywhere in memory (e.g.. jump tables In 
ROM). TTie content of the ind«( resfslar is not ehangsd. 

EA = X-f[(PC + 1) : (PC-h2)]; PC«-PC-l-3 

Address Bus High ^ (PC + 1) + K 

Address Bus Low <- X + (PC + 2) 

Where: K = The carry from the addition of X 4- (PC + 2). 

Relative 

Relative addressing is only used in branch instnjctions. In 
relative addressing, the content of the 8-bit signed byte fbl- 
iowing the opcode (the offset) is added to the PC if and only 
if the branch condition is true. Otherwise, control proceeds to 



the next instruction. The span of relative addressing Is lim- 
ited to ttie range erf -126 to -t-l 29 bytes from the branch 
lnstru(^on opcode location. 

EA » PC -I- 2 -t- (PC 1); PC «- EA if branch tal«n; 

othenwise, EA = PC PC + 2. 

Bit Set/Clear 

Direct addressing and bit addressing are combined in 
instructions which set and clear individual memory and I/O 
bits. In the bit set and clear instructions, the byte Is specified 
as a direct address in the location following the opcode. The 
first 256 addressable locations are thus accessed. The bit to 
be modified within that byte is specified in the first three bits 
of the opcode. The bit set and clear instructions occupy two 
bytes, one for the opcode Orx^luding the bit number) and the 
other to address the byte which contains the bit of interest. 

EA = (PC ■^ 1): PC «- PC + 2 

Address Bus High <- 0; Address Bus Low ^ (PC ■•■ 1). 

BH Test and Branch 

Bit test and branch is a combination of direct addressing, bit 
set/clear addressing, and relative addressing. The actual bit to 
be tested, within the byte, is specified within the low order nil> 
ble of the opcode. The address of the data byte to be tested is 
located via a direct address in the location following the 
opcode byte (EA1). The signed relative 8-bit offset is in the 
third byte (EA2) and is added to the PC if the specified bit is 
set or cleared in the specified memory location. This single 
three byte Instruction allows the program to branch based on 
the condWon of any bit In the fir^ ^ locations of memory. 

EA1 =(PC+1) 

Address Bus High Q 0; Address Bus Low <- (PC + 1) 
EA2 = PC + 3 + (PC + 2); PC *- EA2 if branch taken; 

otherwise, PC <- PC + 3. 

Multiply Instruction 

The MUL InstrucUon perfomis an muMpdcation of the con- 
tents of the A and X registers. The 16-bit result is stored back 
into the same register pair. The A register holds the lower 8-bits 
of the product and the X register hokts the upper 8-bits of the 
product. MUL is only avaRable on CDP68HC05 processors. 
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CDP6402 
CDP6402C 

CMOS Universal Asynchronous 
Receiver/Transmitter (UART) 



Features 

• Low Power CMOS Circuitry 7^inW (Typ) at 

3.2MKe (M« FMfi.) at Vdb - 5V 

• Baud Rate 

- DCta200KBit8/8(Max)at 5V,85°C 

- 0C to400K Btt8te(illax)at 10V,85<>C 

• 4V to 103 Operation 

• Automatic Data Formatting and Status Generation 

• Fully Programmable with Externally Selectable Word 
Length (5 - 8 Bits), Parity Mill>it.^(«n'OcldlWI|[; aiM 
1,lV2,or2StopBits 

• Operating TempeiBture Range 

- CDP6402D, CD -55''C to +125"'C 

- CDP6402E, CE -AO''C to +85''C 

• Replacealnduatry-|Vpe8lM6402andHD64Q2 



Description 

The CDP6402 and CDP6402C are silicon gate CMOS 
Universal Asynchronous ReceiverATransm liter (UART) 
circuits for interfacing computers or microprocessors to 
asynchronous serial data channels. They are designed to 
provide the necessary formatting and control for interfacing 
between serial and parallel data channels. The receiver 
converts serial start, data, parity, and stop bits to parallel 
data verifying proper code transmission, parity and stop bits. 
The transmitter converts parallel data into serial form and 
automatically adds slart parity and stop bit& 

The data word can be 5, 6, 7 or 8 bits in length, ^rity may 
be odd, even or inhibited. Stop bits can be 1 , 1 V2, or 2 (when 

transmitting 5 bit code). 

The CDP6402 and CDP6402C can be used in a wide range 
of applications including modems, printers, peripherals, 
video terminals, remote data acquisition systems, and serial 
data linl(s for distributed processing systems. 

The CDP6402 and CDP6402C are functionally identical. 
They differ in that the CDP6402 has a recommended 
operating voltage range of 4V to 10.5V, and the CDP6402C 
has a recommended operating voltage range of 4V to 6.5V. 
Both types are supplied in 40 lead dual-in-iine ceramic pacl<- 
ages (D suffix), and 40 lead duaHn-flne plastic packages 
(E suffix). 



Ordering Information 



PACKAGE 


TEMPERATURE 
RANGE 


5V/200KBAUD 


10V/400K BAUD 


Plastic DIP 
Burn-In 


-40°Cto-t«5*C 


CDP6402CE 


CDP6402E 


CDP6402CEX 




Ceramic DIP 
Bumt-ln 


-40°CtO4«S»C 


CDP6402CD 


CDP6402D 


COP6402CDX 


COP6402DX 



Pinout 



CDP6402, CDP6402C 
TOP VIEW 
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MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vqoi) 
(Voltage referenced to Vss Terminal) 

CDP6402 , .,• -0.5 to +11 V 

CDP6402C V , . , -0.5 to +7 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to VqD +0.5 V 

DC INPUT CURRENT. ANY ONE INPUT ± 100 /lA 

POWER DISSIPATION PER PACKAGE (Pq): 

For Ta = -40 to +60° (PACKAGE TYPE E 500 mW 

ForTA = +60to +85° C (PACKAGE TYPE E) Derate Llneary at 1 2 mW/" C to 200 mW 

For Ta = -55 to 100° C (PACKAGE TYPE D) 500 mW 

For Ta = + 100 to +125°C (PACKAGE TYPE D) Derate Lineary at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For Ta= FULL PACKAGE-TEMPERATURE RANGf (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPED : -55to+125°C 

PACKAGE TYPE E -40tO+85°C 

STORAGE TEMPERATURE RANGE (Tstg) J.. -65 to +150° C 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 inch (1.S9 ± 0.79 mm) from case for 10 s max +265*C 



OPERATING CONDITIONS at Ta = Full Package-Temperature Range. For maximum reliability, operating conditions 
should be Mlacted to that operation Is always within the following ranges: 



CHARACTERISTIC 


LIMITS 


UNITS 


CDP6402 


CDP6402C 


Min. 


Max. 


MIn. 


Max. 


DC Operating Voltage Range 


4 


10.5 


4 


6.5 


V 


Input Voltage Range 


Vss 


Vdd 


Vss 


Vdd 



STATIC ELECTRICAL CHARACTERISTICS St ln==-W to +«S°C, Vdo ±10<M, Except as noted 



CHARACTERISTIC 


CONBITIONS 


LIMITS 


UNITS 


Wo 

fv> 


V|N 

(V) 


Vdo 

(V), 


CDP6402 


( 


:DP6402C 


MIn. 


Typ.« 


Max. 


MIn. 




Max. 


Quiescent Device 
Current Idd 




0, 5 
0, 10 


5 
10 




0.01 
1 


50 
200 






■ m' 


//A 


Output Low Drive 
(Sink) Current Ini. 


(5.4 
0.5 


6,5 
0, 10 


5 

10 


5 


4 

7 






2.4 




mA 


Output High Drive 
(Source) Current loH 


4.6 
9.5 


0,^ 
0, 10 


5 
10 


-0.55 
-1.3 


-1.1 
-2.6 






-U 




Output Voltage 
Low-Level VoLt 




0, 5 
0, 10 


5 
10 








0.1 
0.1 







0.1 


V 


Output Voltage 
High Level VoH* 




0,5 
0, 10 


5 

10 


4.9 
9.9 


5 

10 




4.9 


5 




Input Low 
Voltage VjL 


0.5, 4.5 
0.5, 9.5 




5 

10 







0.8 
0-2 VDD 






0.8 


Input High 
Voltage Vim 


0.5, 4.5 
0.5, 9.5 




5 

10 


VdD-2 
7 






Vdd-2 






Input Leakage 
Current Iim 


Any 
Input 


0, 5 
0, 10 


5 
10 




±io-'» 

±10-4 


±1 
±2 






±1 




3-State Output Leakage 
Current IquT 


0,5 
0, 10 


0, 5 
0, 10 


5 
10 




±10-'* 
±10-4 


±1 
±10 




±io-'» 


±1 


Operating Current, ^DD^i 




0,5 

0. 10 


— r- 

10 




1.5 
10 






1.5 




mA 


Input Capacitance Cin 










5 


7$ 




5 


7.5 


PF 


Output Capacitance CquT 










10 


15 




10 


15 



(0 

CD uj 
I- I 

m& 

" UJ 
a. 



•Typical values are for Ta=25°C and nominal Vdd- tlOL=IOH=1 #'A. 

#Operating current is measured at 200 kHz or Vdd = 5 V and 400 kHz tor VqD ' 
frequencies for CDP1802A system operating at maximum speed of 3.2 MHz), 



10 V, with open outputs (worst-case 



DESCRIPTION OF OPERATION 
Initialization and Control* 

A positive pulse on the MASTER RESET (MR) input resets 
the control, status, and receiver buffer registers, and sets 
the serial output (TRO) High. Timing is generated from the 
clock inputs RRC and TRC at a frequency equal to 1 6 times 
the serial data bit rate. The RRC and TRC inputs may be 
driven by a common clocl<, or may be driven independently 
by tvi/o different clocks. The CONTROL REGISTER LOAD 
(CRL) Input is strobed to load control bits for PARITY 
INHIBIT (PI), EVEN PARITY ENABLE (EPE), STOP BIT 
SELECTS (SBS), and CHARACTER LENGTH SEL^CTS^ 
(CLS1 and CLS2). These inputs may be hand wired t 
or Vdd with CRL to VoD- When the initialization is 
completed, the UART Is ready for receiver and/or transmitter 
operations. 

Transmitter Operation 

The transmitter section accepts parallel data, formats it, 
and transmits it in serial form (Fig. 2) on the TRO terminal. 



Receiver Operation 

Data is received in serial form at ttW-MUHnput. When nb>' 
data is being received, RRI input f«M'»n«atti high.'The 
data is clocked through the RRC. The clock rate t»16.times 
the data rate. Receiver timing is shown in Fig. 4. 
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Fig. 2 - Serial data format. 

Transmittertiming isshown in Fig. 3. (A) Data is loaded into 
the transmitter buffer regist er from the inputs TBR1 through 
TBR8 by a logic low on the TBRL input. Valid data must be 
present at leas t tQT prior to, and tTD following, the rising 
edge of TBRL. If words less than 8 bite are used, only the 
least significant bits are used. The character Is right 
iustlfled into t he least significant bit, TBRL (B) The rising 
edge of TBR L clea rs TBRE. '/6 to IVi cycles later, depending 
on when the TBRL pulse occurs with respect to TRC, data is 
transferred to the transmitter register and TRE is cleared. 
TBRE Is set to a logic High one cycle after that. 

Output data is clocked by TRC. The clock rate is 16 times 
the data rate. (C) A second pulse on TBRL loads data into 
the transmitter buffer register. Data transfer to the 
transmitter register is delayed until transmission of the 
current character Is complete. (D) Data is automatically 
transferred to the transmitter register and transmission of 
that character begins. 



TBRL 
TBRE 

TRE 



1/2 TOM/2 CYCLES 



]» 4-1 T02 CYCLES DATA 



Fig. 4 - Receiver timing waar^orms. 

(A) A low level on DRR clears the DR line. (B) During th4 
first ^top bit data is transferred from the receiver register t^ 
the RBRegister. If the word is less than 8 bits, the unusiS 
most significant bits will be a logic low. The output 
character is right Justified to the least significant bit RBR1 . A 
logic high on OE indicates overruns. An overrun occurs 
when DR has not been cleared before the present character 
was transferred to the RBR. (C) 1/2 clock cycle later DR is 
set to a logic high and FE is evaluated. A logic high on FE 
indicates an invalid stop bit was received. A logic high on 
PE Indicates a parity error. 

Start BH Deleetien 

The receiver uses a 16X clock for timing (Fig. 5). The start 
bit could have occurred as much as one clock cycle before it 
was detected, as indicated by the shaded portion. JtS i 
center of the start bit Is defined as clock count? 1/2. tftt^ 

receiver clock is a symmetrical square wave, the center of 
the start bit will be located within ±1/2 clock cycle, ±1/32 bit 
or ±3.1 25%. The receiver begins searching for the next start 
bit at 9 clocks into the first stop bit. i 
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Fig. S - Start bit timing waveterrm. 



Fig. $ - frantmiher timing waveforms. 



Table I - Control Word Function 



Cf 


INTROL WOR 


n 


DATA BITS 


PARITY BIT 


STOP BITfSI 


CI ^9 




PI 


Ui£ 


CQC 


[_ 




L 


1 

L 


1 

L 


S 


ODD 


1 


1 


1 


L 


1 


n 


5 


ODD 


1.5 


1 

L 


1 


L 


u 
ri 


1 

L 


S 


EVEN 


1 






L 


u 
n 


u 
n 


S 


EVEN 


1.5 


l_ 




H 


A 


1 


5 


DISABLED 


1 


l_ 




H 


Y 
A 


n 


. . , 5 


DISABLED 


1.5 


L 


)-) 


L 


1 


1 

L 


6 


ODD 


1 


[_ 


H 


L 


1 


n 


6 


ODD 


2 






L 


LJ 

n 


1 

L 


6 


EVEN 


1 


L 




L 


n 


n 


6 


EVEN 


2 






H 


Y 
A 


1 

L 


« 


DISABLED 


1 


L 




H 


Y 
A 


u 

n 


8 


DISABLED 


2 


H 


L 


L 


L 


L 


7 


ODD 


1 


H 


L 


L 


L 


H 


7 


ODD 


2 


H 


L 


L 


H 


L 


7 


EVEN 


•) 


H 


L 


L 


H 


H 


7 


EVEN 


2 


H 


L 


H 


X 


L 


7 


DISABLED 


1 


H 


L 


H 


X 


H 


7 


DISABLED 


2 


H 


H 


L 


L 


L 


8 


ODD 


1 


H 


H 


L 


L 


H 


8 


ODD 


2 


H 


H 


L 


H 


L 


8 


EVEN 


1 


H 


H 


L 


H 


H 


8 


EVEN 


2 


H 


H 


H 


X 


L 


B 


DISABLED 


1 


H 


H 


H 


X 


M 


8 


DISABLED 


2 



X = Don't Care 

Table II - Function Pin Definition 



PIN 


SYMBOL 


DESCRIPTION 


1 


Vdd 


Positive Power Supply 


2 


N/C 


No 


Connection 


3 


GND 


Ground (Vss) 


4 


RRD 


A high level on RECEIVER REGISTER 
DISABLE forces the receiver holding 
register ouputs RBR1-RBRS to a high 
Impedance state. 


5 


RBR8 


The contents of the RECEIVER BUFFER 
REGISTER appear on these three-state 
outputs. Word formats less than 8 
characters are right justified to RBR1. 


6 


RBR7 






7 


RBR6 


1 




8 


RBR5 






9 


RBR4 




> See Pin 5 - RBfW 


10 


RBR3 






11 


RBR2 






12 


R8R1 






13 


PE 


A high level on PARITY ERROR 
Indicates that the received parity does 
not match parity programmed by control 
bits. The output is active until parity 
matches on a succeeding character. 
When parity is inhibited, this output 






is 


low. 


14 


FE 


A high level on FRAMING ERROR 
indicates the 'first stop bit was invalid. 
FE will stay active until the next valid 
character's stop bit is received. 



PIN 


SYMBOL 


OESCmPTION 


15 


OE 


A high level on OVERRUN ERROR 
indicates the data received flag was not 
cleared before the last character was 
transferred to the receiver buffer 
register. The Error is reset at the next 
character's stop bit if DRR has been 
performed (i.e., DRR; active low). 


16 


SFD 


A high level on STATUS FLAGS 
DISABLE forces the outputs PE, FE, OE, 
DR, TBRE to a high impedance state. 


17 


RRC 


The RECEIVER REGISTER CLOCK is 
l6X~the receiver data rate. 


18 




A low level on DATA RECEIVED RESET 

clears the data received output (DR), to 
a low level. 


19 


DR 


A high level on DATA RECEIVED 
indicates a character has been received 
and transferred to the receiver buffer 
register. 


20 


RRI 


Serial data on RECEIVER REGISTER 
INPUT is cloclwd into the receiver 
register. 


21 


MR 


A high level on MASTER RESET (MR) 
clears PE, FE, OE and DR, and sets TRE, 
TBRE, and TRO. TRE Is actually set on 
the first rising edge of TRC after MR 

goes high. MR should be strobed after 

power-up. 


22 


TBRE 


A high level on TRANSMITTER BUFFER 
REGISTER EMPTY indicates the 
transmitter buffer register has 
transferred its data to the transmitter 
register and is ready for new data. 
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Table II - Function Pin Daflnltlon (Cont'd) 



PIN 




DESCRIPTION 


23 


TBRL 


A low level on TRANSMITTER BUFFER 
REGISTER LOAD transfers data from 
inputs TBR1-TBR8 into the transmitter 
buffer register. A low to high transition 






on 


TBRL requests data transfer to the 






transmitter register. If the transmitter 






register is busy, transfer Is automatically 






delayed so that the two characters are 






transmitted end to end. 


24 


TRE 


A high level on TRANSMITTER 
REGISTER EMPTY indicates completed 
transmission of a character including 

stop bits. 


25 


TRO 


Character data, start data and stop bits 
appear serially at the TRANSMITTER 
REGISTER OUTPUT. 


26 


TBR1 


Character data is loaded into the 
TRANSMITTER BUFFER REGISTER via 
inputs TBR1-TBR8. For character 
formats less than 8-bits, the TBR8, 7, 
and 6 Inputs are ignored corresponding 
to the programmed word length. 


27 


TBR2 






28 


TBR3 


1 




29 


TBR4 






30 


TBR5 




) See Pin 26 - TBR1 


31 


TBR6 




32 


TBR7 






33 


TBR8 







PIN 


SYMBOL 




34 


CRL 


A high level oir^^^L REGISTER 
LOAD loads the control register,. 


35 


PI- 


A high level on PARITY INHIBIT inftfbits 

parity generation, parity checking and 
forces PE output low. 


36 


SBS- 


A high level on STOP BIT SELECT 
selects 1.5 stop bits for a 5 character 
format and 2 stop bits for other lengths. 


37 


CLS2- 


These inputs program the CHARACTER 
LENGTH SELECTED. (CLS1 low CLS2 
low D-Dits) ((/LSI nign CLS2 low orbits) 
(CLS1 low CLS2 high 7-bits) (CLSIhigh 

CLS2 high 8-bits). 


38 


CLSr 


See Pin 37 - CLS2 


39 


ERE- 


When PI is low. a high level on EVEN 
PARITY ENABLE generates and checks 
even parity. A low level selects odd 
parity. 


40 


TRC 


The TRANSMITTER REGISTER 
CLOCK is 16X tt«e,}ransmit data^.^^. 



•See Table I (Control Word Functiai() r> 
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DYNAMIC ELECTRICAL CHAItKCTEiHSTies M J'a ¥dd ± S%, tr, 4 °= 20 rw, 

V|H = 0.7 Vdd, V|L = 0-3 VdD. Cl = 100 pF 









LIMITS 










CDP6402 


CDP6402C 




OHADACTEmSTIC^ 




Vdd 

(V) 


Typ.' 


Max.A 


Typ* 




UNITS 


System Timing (See Fig. 6) 


Minimum Pulse Width: 
CRL 


tCRL 


5 
10 


50 
40 


150 
100 


50 


150 




Minimum Setup Time 
Control Word to CRL 


, tcwc 


c 

o 

10 


9(1 




40 


20 






Minimum Hold Time 
Control Word after CRL 


tccw 


5 
10 


40 
20 


60 
30 


40 


60 




Propagation Delay Time 
SFD High to SOD 


tSFDH 


5 

10 


130 
100 


200 
150 


130 


200 


ns 


SFD Low to SOD 


tSFDL 


5 
10 


130 
40 


200 
60 


130 


200 


RRD High to Receiver Register 
High Impedance 


tRRDH 


5 

10 


80 
40 


150 
70 


80 


150 




RRD Low to Receiver Register 
Active 


tRRDL 


5 
10 


80 
40 


150 
70 


80 


150 




Minimum Pulse Width: 
MR 


5 
10 


200 
100 


400 
200 


200 


400 





•Typical values tor Ta = 25° C and nominal Vdd- 

AMaximum limits of miriimum characteristics are Jhe values ^o\ie which all devices function. 
tAll measu(»taunto are matoat ttM 60% poliHof 0ie tnnaition ex»pttrt-«ttts measurem 
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STATUS OUTPUT TIMING 



STATUS - 
OUTPUTS- 



' SFDH ■ 



RECEIVER REGISTER DISCONNECT TIMING 
^90% 



R BUS 

R BUS T 



\ IC 



92CM-MOSS 



mg,S -System timing wat^oms. 



DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85° C, Vdd ± SVo, tr, t( = 20 ns, •\^ 
V|H = 0.7¥dd,V|L = 0.3Vdd.Cl = 100pF >^tn y 







LIMITS 




CHARACTERISTIC t 


Vdd 
(V) 


CDP6402 1 CDP6402C 


UNITS 


TvD* 1 Max.A 1 Typ* 


llitt.A 



Transmitter Timing (See Fig. 7) 



Minimum Clocl< Period (TRC) 



tec 



Minimum Pulse Width: 
Clocit Low Level 



tCL 



Clock HIgli Level 



tQH 



TBRL 



*THTH 



Mi nimum Setup Time: 
TBRL to Clocl< 



tTHC 



Dat« to TBRL Ji 



tDT 



Minimum Ho ld Tim e: 
Data after TBRL ,« 



tTD 



Propagation Delay Time: 
Clock to Data Start Bit 



tCD 



Clock to TBRE 



tCT 



TBftL to TBRE 



tTTHR 



Clock to TRE 



tTTS 



5 
10 



5 

10 



5 

10 



5 
10 



5 

10 



5 

10 



5 

10 



5 
10 



5 

10 



5 

10 



5 
10 



250 
125 



100 
75 



100 
75 



80 
40 



175 

90 



20 




40 
20 



300 
150 



330 
100 



200 

100 



330 
100 



310 
155 



125 
100 



125 
100 



200 
100 



275 

150 



50 
40 



60 
30 



450 
225 



400 
150 



300 

150 



400 
150 



250 



100 



100 



BO 



175 



20 



40 



300 



330 



200 



330 



310 



125 



125 



200 



275 



50 



60 



450 



400 



300 



400 



•Typical values for Ta = 25''Cand nominal Vqd 

^Maximum limits of minimum ctiaracteristics are the values above which all devices function. 
tAII meHurements are made at the 50% point of the transition except tri-state measurements. 



TRANSMITTER SHIFT 
RE«ISTER LOKDCD' 




T BUSO- 
T BUST 



K'OT*t^«TD-H 



» THE HOLDING REGISTER IS LOADED ON THE TRAILING EDGE OF TBRL 



»» THE TRANSMITTER SHIFT REGISTER.I F EMPTY.IS LOADED ON THE FIRST HIGH-TO-LOW TRANSITION OF THE 
CLOCK WHICH OCCURS AT LEAST 1/2 CLOCK PERIOD + ITHC AFTER THE TRAILING EDGE OF fBRC AND 
TRANSMISSION OF A START BIT OCCURS I /2 ClOCK PERIOD -f Icq LATER 



92CM-S499e 



MpecMetatem 01^6402, 



DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85° C, Vdd ± 5%. tf. If = 20 ns, 
V|H = VW»» W|L = «:»VBifc!ft f W IIP 









LIM 


ITS 




CHARACTERISTIC + 




Vdd 

(V) 


CDP6402 


CDP6402C 


UNITS 




TVD.* 


Max.A 


TVD.' 


Mm.A 


Receiver Timing (See Fig. 8) 


Minimum Clocl< Period (RRC) 


tec 


5 
10 


250 
125 


310 
ififi 


250 


310 




Minimum Pulse Width: 
Clock Low Level 


tCL 


5 
10 


100 

75 


125 
100 


100 


125 




Clock High Level 


tCH 


5 
10 


100 

75 


125 

100 


100 


125 




DATA RECEIVED RESET 


tQD 


5 
10 


50 
25 


75 
40 


50 


75 




Minimum Setup Time: 
Data Start Bit to Clock 


tnc 


5 

10 


100 
50 


150 
75 


100 


150 




Propagation Delay Time: 
DATA RECEIVED RESET to 
Data Received 


tDDA 


5 
10 


150 

75 


250 
125 


150 


250 


ns 


Clock to Data Valid 


tCDV 


5 

10 


275 
110 


400 
175 


275 


400 




Clock to DR 


tCDA 


5 

10 


275 
110 


400 
175 


275 


400 




Clock to Overrun Error 


tCOE 


5 

10 


275 
100 


400 
150 


275 


400 




Clock to Parity Error 


tCPE 


5 
10 


240 
120 


375 
175 


240 


375 




Clock to Framing Error 


tCFE 


5 
10 


200 
100 


300 
150 


200 


300 





Typical values for Ta = 25° and nominal VqD- 
^Maximum limits of minimum cfiaracteristics are the values above which all devices function, 
t All measurements are made at the 50% point of the transition except tri-state measurements. 
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IF AST ART BIT OCCURS AT ATIME LESS THAN tQC BEFORE A MIGH-TO-LOW TRANSITION 
OF THE CLOCK, THE START BIT MAV NOT BE RECOGNIZED UNTIL THE NEXT HIGH-TO- 
LOW THANSmON OF THE CLOCK. THE START BIT MAY BE COMPLETELY ASYNCHnONOUS 
WtTH THE CLOCK. 

IF A PENDING DA HAS NOT BEEN CLEARED BY A READ OF THE RECEIVER HOLDINO 
REGISTER BY THE TIME A NEW WORD IS LOADED INTO THE RECEIVER HOLDINO 
REGtSTER, THE OE SIGNAL WILL COME TRUE 



Fig. 8 - Receivar timing waveforms. 
;5-f1 
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CDP65C51 
CDP65C51A 

CMOS Asynchronous Communications 
Infetface Adapter (ACipk) 



Features 

• Compatible With 8-Bit Microprocessors 

• Fuil Dupiex Operation With Buffered Receiver and Transmitter 

• Data Set/IVIodem Controi Functions 

• Internal Baud Rate Generator With 15 Programmable Baud Rates 
(50 to 1 9,200) 

• Program Selectable Internally or Externally Controlled Receiver 
Rate 

• Operates at Baud Rates Up To 250,000 Via Proper Crystal or Clock 
Selection 

• Programmable Word Lengths, Number of Stop Bits and Parity Bit 
Generation and Detection 

• Programmable Interrupt Control 

• Program Reset — - ' , - 

• Program Selectable Serial Echo Mode 

• Two Chip Selects 

• 4MHz, 2MHz or 1MHz Operation (CDP65C51 and CDP65C51A-4, 
-2, -1 Types, Respectively) 

• Single 3V to 6V Power Supply 

• Full TTL Compatibility 

• Synchronous CTS Operation 



Pinout 



PACKAGE TYPES D, E AND M 

TOP VIEW 



"ss — 


1 


26 




R/W 




2- 


27 




♦« 


EST — 


3 


2C 




ns 


Bis — 


4 


2S 




D7 




9 


24 




06 


XTLI 


6 


23 




D5 








XTLO 


7 


22 




D4 


RTS 1 


8 


21 




D3 


cT5 — 


9 


20 




02 


TxD — 


10 


19 




01 


DTR 


II 


IS 




00 


Rj(0 


12 


17 




55^ 


RSO 


13 


16 




OCD 


JMH 


14 '^ilM 


l» 




»00 



Description 

The CDP65C51 and CDP65C51A Asynchronous Commu- 
nications Interface Adapters (ACIA) provide an easily 
implemented, program controlled interface between 8-bit 
microprocessor based systems and serial communication 
data sets and modems. The CDP65C51 A is identical to the 
CDP65C51 except for the implementation of the GTS func- 
tion. If a not-clear-to-send signal is received during the 
transmission of a character, the CDP65C51 A will first allow 
completion of that transmimlon, and ttien disable the 
transmitter. 



The CDP65C51 and CDPesCSIA have an Internal baud 

rate generator This feature eliminates the need for multiple 
component support circuits, a crystal being the only other 
part required. The Transmitter baud rate can be selected 
under program control to be either 1 of 15 different rates 
from 50 to 19,200 baud, or 1/16 times an external clock 
rate. The receiver baud rate may be selected under program 
control to be either the transmitter rate, or at 1/16 times an 
external clock rate. The CDP65C51 and CDP65C51 A have 
programmable word lengths of 5, 6, 7 or 8 bits; even, odd or 
no parity; 1, 1% or 2 stop bits. 

The CDP65CS1 and CDP65C51A are designed for maxi- 
mum programmed control from the CPU, to simplify 
hardware Implent^^p^^ separate registers permit 



the CPU to easily select the CDP65C51 A operating modes 
and data-checking parameters and determine operational 
status. 

The Command Register controls parity, recie ver e cho 
mode, transmitter interrupt control, the state of the R TS line, 

receiver interrupt control, and the state of the DTR line. 

The Control Register controls the number of stop bits, 
word length, receiver clock source sml baud rate. 

The Status Register Indlcdes the states of ttie 1^, D$R 
and DCD lines, transmitter and receiver data registers, and 

overrun, framing and parity error conditions. 

The transmitter and receiver data registers are used for tem- 
porary data storage by the CDP6SC51A transmit and re- 
ceive circuits. 

The CDP65C51 and CDP65C51A-1, -2 and -4 types are 
capable of Interfacing with microprocessors with cyde 
times of 1MHz, 2MHz and AMVtz, respectively. 

The CDP65C51 and CDP65C51A are suppBed In 28 lead 
hermetic dual-in-line sidebrazed ceramic paekages (D suf- 
fix), in 28 lead dual-in-line plastic packageaHI suffix) and in 
28 lead dual-in-IIne small outline (SO) packages (M) suffix. 



Copyright 6 >tarriB Cerpomtton 1991 



File Number 2747 



MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vdd) 

(Voltage referenced to Vss terminal) -0.5 to +7 V 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to Vdd +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pd): 

For Ta = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For Ta = +60 to -t-85°C (PACKAGE TYPE E) Derate Linearly at 8 mW/°C to 300 mW 

ForT/v = -55to+100''C(PACKAGETYPED) 500 mW 

For Ta = +100 to +125°C (PACKAGE TYPE D) ,. Derate Linearly at 8 mW/'C to 300 mW 

For Ta = -40 to +85°C (PACKAGE TYPE M)* ...„.;.:".. 425 mW 

DEViCE DiSSiPATION PER OUTPUT TRANSISTOR 

For Ta = FULL PACKAGE-TEMPERATURE RAr^E {AH Parage Tyipes) 100 mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPE D -55 to +125°C 

PACKAGE TYPE E and M -40 to +85»C 

STORAGE-TEMPERATURE RANGE (T«b) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) from case for 10 s maximum +265''C 

* Printed-clrcuit board meuni; S7 irimxST'min minfmurn arsil x 1.6min tliick QtOepoxy glass, or equivalent. 



RECOMMENDED OPERATING CONDITIONS at Ta = -40° to +85°C 

For maximum reliability, nominal operating condition* sliouid be aelacted «o tliat operation is always 
within tite following rangea: 



CHARACTERISTIC 


LIMITS 


UNITS 


Min. 


Max. 


DC Operating Voltage Range 


3 


6 


V 


Input Voltage Range 


Vss 


VoD 



STATIC ELECTRICAL CHARACTERISTICS atTA = -40" to -^SSOC, Vdd ° SV i:^ 



' ' ' — ' — ' - 'J.I I '^T^ — ----- 

CHARACTERISTIC 


LIMITS 


UNITS 


Min. 


Typ. 


Max. 


Quiescent Device Current 


Idd 




50 


200 




Output Low Current (SInldng): Vol = 0.4 V 


loL 


1.6 






mA 


(D0-D7, TxD, RxC, RT§, DTft,TRQ 








Output Hlgii Current (So- -^-rinni v,, = 4 6 V 
{D0-D7, TxD, RxC, RfS ^ 


loH 


-1.6 






mA 


Output Low Voltage: Iload = 1 .6 mA 


Vol 






0.4 


V 


(D0-D7, TxD, RxC, RTS,DTR, TR^ 










Output High Voltage: Iload = -1.6 mA 
(D0-D7, TxD, RxC, RTS, DTR) 


VoH 


4.6 






V 


input Low Voltage 


ViL 


Vss 




0.8 


V 


Input Higti Voltage . . . 


V,H 










(Except XTLI andXTLO) 




2 




Vdd 


V 


(XTLI and XTLO) 




3 




Vdo 


Input Leakage Current: Vin = to 5 V 


llN 






±1 


A/A 


(02, R/W, RES, CSO, CST; RSO, RSI, CTS, RxD, DCD, DSR) 








Input Leakage Current tor High Impedance State (D0-D7) 


Itsi 






±1.2 


fjA 


Output Leakage Current (off state): Voirr = 5 V (IRQ) 


loFF 






2 


UA 


1 nput Capacitance (except XTLI and XTL^ 


CiN 






10 


PF 


Output Capacitance 


Coun 






10 


PF 



5-13 



CDP65C51. CDP65C51A 



CDPeSCB1/S1A INTERFACE RraUKmffiNilS 



This is a description of the interface requirement for the 
CDP65C51 and CDP65C51 A Rg. 1 Is the Interface Diagram 
and the Terminsd Diagran shows the pinout configuralQen for 
the CDP65C51A. 



R/W ■ 
CSO ' 
CS1 ' 



DATA 
BUS 
BUFFERS 



TRANSMIT 
CONTROL 



INTERRUPT 
LOGIC 



TRANSMIT 
DATAt 
SHIFT 
REOWTErW 



STATUS 
REGISTER 



I/O 
CONTROL 



BAUD 
RATE 
GENERATOR 



CONTRO). 
REQIStER 



TIMING 
a CONTROL 
LOGIC 



COMMAND 
REGISTER 



RECEIVE 
DATA* 
SHIFT 
REGISTERS 



RECEIVE 
CONTROL 



- DCD 

- BSR 

- RxC 

-XTU 

■ mo 



• DTR 
. RTS 



SiCM- 36860 

Fig. 1 - COP85C5f/SM Interface diagram 

MICROPROCESSOR INTERFACE 
SIGNAL DESCRIPTION , 

RES (Reset) (4) 

During system initialization a low on the RES Input will 
cause a hardware reset to occur. The Command Register 
and the Control Register will be cleared. The Status 
Register will be cleared with the exception of the indications 
of Data Set Ready and Da ta C arrier Dete ct, which are 
externally controlled by the DSR and DCD lines, and the 
transmitter Empty bit, which will be set. A hardware reset Is 
required after power-uf>. 

(p2 (Input Clock) (27) 

The input clock is the system 02 clock and is used to clock 
all data transfers between the system microprocessor and 
the CDP65C51/51A. 

rTw (Read/Write) (28) 

The R/W input, generated by the microprocessor, is used to 
control the direction of data transfers. A high on the R/W pin 
allows the processor to read the data supplied by the 
CD P65C51 /51 A, a low allows a write to the CDP65C51/51 A. 

IRQ (Interrupt Request) (26) 

The IRQ pin is an interrupt output from the interrupt control 
logic. It is an open drain output , perm itting several devices 
to be connected to the c omm on IRQ microprocessorlnput. 
Normally at high level, IRQ goes low when an interrupt 
occurs. 



D0-D7 (Data Bus) (18-25) 

The D0-D7 pins are the eight data lines used to transfer data 
between the processor and the CDPe5C51/51A. These lines 
are bidirectional and are normally high impedance except dur- 
ing Read cycles when the CDP65C51/51A are selected. 

CSO, CS1 (Chip Selects) (2, 3) . 

The two chip select Inputs are normally connected to the pro- 
cessor address lines either directly or through decodegu^TM- 
CDP65C5lVS1A>a ^^leciad yifhen CSO Is high .and 

RSO, RSI (Register Selects) (13, 14) ' ' 

The two register select lines are normally connected to the pro- 
cessor address lines to allow the processor to select the vari- 
ous CDP65C51/51A internal registers. The^fellCilWlng 
shows the internal register select coding. 

TABLE I 



-•300 



RS1 


RSO 


Write 


RMtf" M'S'. 








Transmit Data 


Receiver Data 






Register 


Register 





1 


Programmed Reset 


Status Register 






(Data Is "Don't 








Care") 




1 





Command Register 


1 


1 





Only the Command and Control registers are read/write. 
The Programmed Reset operation does not cause any data 
transfer, but is used to clear bits 4 through in the 
Command Register and bit 2 In the Status Register. The 
Control Register is unchanged by a Programmed Reset. It 
should be noted that the Progra mmed Reset is slightly 
different from the Hardware Reset (RES); these differences 
ar«at)own.tn.nss. 3,4 and S. 

ACIA/MODEM INTERFACE J | 

SIGNAL DESCRIPTION >^ i 

]FrU,XTLO(CryilM^lns)(8,7) t 

These pins are normally directly connected to the external . 
crystal (1.8432 MHz) used to derive the various baud rates 
(see "Generation of Non-Standard Baud Rates"). Alterna- 
tively, an externally generated clock may be used to drive 
the XTLI pin, in which case theXTLO pin must float. XTLI is 
the input pin for the transmit clock. 

TxD (Transmit Data) (10) 

The TxD output line Is used to transfer serial NRZ 

(nonreturn-to-zero) data to the modem. The LSB (least 
significant bit) of the Transmit Data Register is the first data 
bit transmitted and the rate of data transmission Is 
determined by the baud rate selected or under control of an 
external clock. This selection is made by programming the 
Control Register. 

RxD (Receive Data) (12) 

The RxD input line is used to transfer serial NRZ data into 
the ACI A from the modem, LSB first. The receiver data rate 
is either the programmed baud rate or under the control of 
an externally generated receiver clock. The selection is 
made by programming the Control Register. 



CDP6SC51, CDP65C51A 



CDP6SC51/51A INTERFACE REQUIREMENTS (Cont'd) 



RxC (Receive Clock) (5) 

The RxC is a bidirectional pin wliich serves as either the 
receiver 16X clock input or the receiver 16X clock output. 
The latter mode results if the internal baud-rategenerator is 
selected for receiver data clocking. 

RfS (Request to Send) (8) 

The RTS output pin is used t o con trol the modem from the 
processor. The state of the RTS pin is determined by the 
contents of the Command Register. 

CTS (Clear to Send) (9) 

The CTS input pin is used to contr ol the transmitter 
operation. The enable state i s wit h CTS low. ThetraninpWer 
Is automatically disabled if CTS is high. ' ' 



DTR (Data Terminal Ready) (11) 

This output pin is used to indic ate th e status of the CDP65C51/ 
51A to the modem. A low; on DTR indicates the CDP65C51/ 
51 A is enabled, a high indicates it is disabled. The processor 
controls this pin via bit of the Command Register. 

DSR (Data Set Ftead^ (17) 

The DSR Input pin is used to Indteate to the CDP65C51/51 A 
the status of the modem. A low Indicates the "ready" state and 
a high, "not ready". 

DCD (Data Canrler Detect) (16) 

The DCD input pin is used to indicate to the CDP65C51/51 A 
the status of the carrier detect output of the modem. A low indi- 
cates that the modem carrier signal Is present and a high, that it 
is not 



CDP65C51 AND CDP65CS1A INTERNAL ORGANIZATION 



This is a functional description of the CDP65C51/51A. Ablock 
diagram of the CDP65CS1/51Als presented in Rg. 2. 

DATA BUS BUFFERS 

The Data Bus Buffer interfaces the system data lines to the in- 
ternal data bus. The Data Bus Butter is bi-directional. When the 
R/W line is high an the chip is selected, the Data Bus Buffer 
passes the Data to the system datajines from the CDP65C51/ 
.51 A internal data bus. When the R/W Ihie is k>vy and the chip Is 
selected, the Data Bus Buffer writes the data from the system 
data bus to the internal data bus. .^^ , . 

INTERRUPT LOGIC 

The imemipl: Logic wH cause ftto IRQ line to the 
microprocessor to go iow when conditions -are met thit 



can cause an interrupt will set bit 7 and the appropriate bit of 
bits3 through 6 in the Status Register if enable d. Bits 5 and 6 
correspond to th e Dat a Carrier Detect (DCD) logic and the 
Data Set Ready (DSR) logic. Bits 3 and 4 correspond to the 
Receiver Data Register full and the Transmitter Data Register 
empty conditions. These conditions can cause an interrupt 
request If enabled by the Command Register. 

I/O CONTROL 

The I/O Control Logic controls the selection of internal 
registers in preparation for a data transfer on the internal 
data bus and the dlrp^l^ i<if lipe^traosfer to or from the 
register. 

The registers are selected by the Register Select and Chip 
Select and Read/Write lines as described in Table I, 
previously. 



TMNMHT 
CONTROL 



BUFFER 



INTERRUPT 
LOaiC 



R/W- 
CM- 



TIMING 
I CONTROL 



TRANSMIT 

DATA 
REOISTER 



I 



STATUS 
REOItTER 



CONTROL 
REGISTER 



BAUD 
RATE 
GENERATOR 



COMMAND 

REGISTER 



- RxC 
-XTLI 
•-XTLO 

► DTR 
-RTS 



RECEIVE 
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RECEIVE 
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REGISTER 



RECEIVE 
CONTROL 



^ 2 - munal orgarHatHon. 
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CDP65C51, CDP65C51A 



CDP65CS1/S1A INTERNAL ORGANIZATION (Cont'd) 



TIMING AND CONTROL 

The Timing and Control logic controls the timing of data 
transfers on the internal data bus and the registers, the Data 
Bus Buffer, and the microprocessor data bus, and the 
hardware reset features. 

Timing is controlled by the system 02 clock input. The chip 
will perform data transfers to or from the microcomputer 
data bus during the <p2 high period when selected. 

All registers will be i nitializ ed by the Timing and Control 
Logic when the Reset (RES) line goes low. Seethe individual 
register description for the state of the registers following a 
hardware reset. 

TRANSMITTER AND RECEIVER 
DATA REGISTERS 

These registers are used a temporary data storage for the 
CDP65C51/51A Transmit and Receive circuits. Both the 
mitter and Receiver are selected by a Register Select 
(RSO) and Register Select 1 (RSI) low condition. The 
Read/Write line determines which actually uses the Internal 
data bus; the Transmitter Data Register is write only and the 
Receiver Data Register Is read only. 

Bit is the first bit to be transmitted from the Transmitter 
Data Register (least significant bit first). The higher order 
bits follow in order. Unused bits In this register are "don't 
care"; 

The Receiver D«ta Register holds the first received data bit 
in bit (least significant bit first). Unused high-order bits 
are "0". Parity bits are not contained in the Receiver Data 
Register. They are stripped off after being used for parity 
checking. 

STATUS REQlStER 

Rg. 3 indicates the fomnat of the CDP65C51/51 A Status Regi- 
ster. A description of each status bit follows. 



7 6 5 4 3 2 1 O 



- PARITY ERROR- 

- NO PARITY ERROR 

1 - PARITY ERROR DETECTED 

- FRAMING ERROR' 

0- NO FRAMING ERROR 

1 - FRAMING ERROR DETECTEO 

- OVERRUN' 

O- NO OVERRUN 

1 - OVERRUN HAS OCCURRED 

■ RECEIVER DATA REGISTER el^, . 
O- NOT-FUtl 

1 - FULL 

■ TRANSMITTER DATA REGISTER EMPTY 
O- NOT EMPTY 

1 - EMPTY 

■ DA TA C ARRIER DETECT (PCD) 

- PCD LOW (DETECT! 

1 - D^ HIGH INOT DETECTED) 

' DATA SET READY 

- ^ LOW (READY) 

1 - TOR HtOH (NOT HEADY) 

INTERRUPT (IRQ) 

■ NO INTERRUPT (IRQ PIN HIGH) 

1 - INTERRUPT HAS OCCURRED (iffiSPIN LOW) 

■NO INTERRUPTS OCCUR FOR 
THESE CONDITIONS 



°-S-°S. HARDWARE RESET (RES) 



O PROGRAM RESET 



F/g. 3 • StsHmttmMlir format. 



Receiver Data Register Full (Bit 3) 

This bit goes to a "1" when the CDP65C51/51 A transfers data 
from the Receiver Shift Register to the Receiver Data 
Register, and goes to a "0" when the processor reads the 
Receiver Data Register. 

Transmitter Data Register Empty (Bit 4) 

This bit goes to a "1" when the CDP65C51/51Atransfers data 
from the Transmitter Data Register to the Transmitter Shift 
Register, and goes to a "0" when the processor writes new. 
data onto the Transmitter Data Register • 

Data Carrier Delect (Bit 5) and 

Data Set Ready (Bit 8) ,q ■ .. 

These bits reflect the levels of the DCD and DSR inputs to the 
CDP65C51/51A A "0" indicates a high (false). Whenever 
either of these Inputs changes state, In immediate processor 
interrupt occurs, unless the CDP65C51/51 A is disabled (bit of 
the Command Register is a "0"). When the interrupt occurs, the 
status bits will indicate the levels of the inputs Immediately 
after the change of state occurred. Subsequent level changes 
will not affect the status bits untii the Status Register ts^ 
Interrogated by the proi^e^S{M'^ttud time, another interrupt 
will Immediately occur and the status bits will reflect the 
new Input levels. 

Framing Error (Bit 1), Overrun (Bit 2), and ' 
Parity Error (Bit 0) • 

None of these bits causes a processor Interrupt to occiif, 
but they are normally checlced at the time the Receiver Data 
Register is read so that the validity of the data can be 
verified. - 

Inlamipt (BH 7) ' 

This bit goes to a "0" when the Status Register has been 
read by the processor, and goes to a "1 " whenever any kind 
ot interrupt occurs. 

CONTROL REGISTER 

The Control Register selects the desired transmitter baud 
rate, receiver clock source, word length, and the number of 
stop bits. 

Saiected Baud Rale (Bits 0, 1, 2, 3) 

These bits, set by the processor, select tite Transmitter 
baud rate, which can be at 1 /1 6 an external clock rate or one 
of 15 other rates controlled by the internal baud-rate 
generator as shown in Fig. 4. 

Aecelver Clock Source (Bit 4) 

This bit controls the clock source to the Receiver. A "0" 
causes the Receiver to operate ata baud rate of 1/16 an 
external clock. A "1" causes tliei<^Klgw to operate at the 
same baud rate as is selected fo(=l t>H i Bm »Wltter as shown in 
Fig. 4. 

Word Length (BIta 5, 6) 

These bits determine the word length to be used (5, 6, 7 or8 
bits). Fig. 4 shows the configuration for each number of bits 

desired. 

Stop Bit Number (Bit 7) 

This bit determines the number of stop bits used. A "0" 
always Indicates one stop bit. A "1" indicates ^V2 stop bits if 
the word length is 5 with no parity selected, 1 stop bit if the 
word length is 8 with parity selected, and 2 stop bits in all 
p^r configurations. 
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- CDP65CS1/S1A control register. 



COMMAND REGISTER 

The Command Register' con#0(',af specific modes and 

functions (Fig. 5). 



Data Terminal Ready (BH 0) 

This bit enables all selected int errupt s and controls the 
stfde Of ttie Data Terminal Ready (DTR) line. A"0" indi cates 
the microcomputer system is not ready by setting the DTR 

line high. A "1" in dicat es the microcomputer system is 
ready be setting the DTR line low. When the DTR bit Is set to 
a "0", the receiver and transmitter are both disabled . 

Receiver Interrupt Control (BH 1) 

This bit disables the Receiver from generating an interrupt 
when set to a "1". The Receiver interrupt is enabled when 

this bit is set to a "0" and Bit is set to a "1". 

Transmitter Interrupt Control (Bits 2, 3) 

These bits control the state of the Ready to Send (RTS) line 
and the Transmitter Interr upt. Fig. 5 shows the various 
configurations of the WTB line and Transmit Interrupt bit 
settings. 

Receiver Echo Mode (Bit 4) 

This bit enables the Receiver Echo Mode. Bits 2 and 3 must 
be zero. In the Receiver Echo Mode, the Transmitter returns 
each transmission received by the Receiver delayed by V4blt 
time. A "1" enables the Rece^vw tEebOfMode. A "0" bit 
disables the mode. 

Parity Mode Enable (Bit 5) 

This bit enables parity bit generation and checking. A "0" 
disables parity bit generation by the Transmitter and parity 
bit checking by the Receiver. A "1" bit enables generation 
and checking of parity bits. 

Parity Mode Control (BlU 6, 7) 

These bits determine the type of parity generated by the 
Transmitter, (even, odd, mark or space) and the type of 
parity check done by the Receiver (even, odd, or no check). 
Fig. 5 shows the possible bit configurations for the Parity 
Mode Controt bits, ' ' " 
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■BITS 2 AND 3 MUST BE ZERO FOR REGEIVER ECHO MODE. BTS WILL BE LOW. 

fib. 5 - COPSSCSfySf A eommand msfeltr mw-wKxi 



TRANSMITTER AND RECEIVER 

Bits (W of the Control Register select the divisor used to 
generate the baud rate for the Transmitter. If the Receiver 
clock is to use the same baud rate as the transmitter, then 
RxC becomes an output and can be used to slave other cir- 
cuits to the CDP65C51/S1 A. Fig. 6 shows the Transmltlar and 
Receiver layout. 
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CDP65C51/51A OPERATION 
TRANSMITTER AND RECEIVER OPERATION 

Contlnous Data Transmit (Fig. 7) 

In the normal operating mode, the processor interrupt (IRQ) is 
used to signal v^hen the CDP65C51/51 A is ready to accept the 
next data word to be transmitted. This interrupt occurs at the 
beginning of the Start Bit When the processor reads the Status 
ReglBtBr eftti»!^P65C5l/5l A, the Interrupt is cleared. The 

CHAR#n + 1 



processor must then Identify that the Transmit Data Reg ister is 
ready to be loaded and must then load it vi/ith the next data 
word. This must occur before the end of the Stop Bi|, ottietW^ 
a continuous "l^ark" will be transmitted. 
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Fig. 7 - Continuous data transmit. 



Similar to the above case, the normal mode is to generate a 
processor interrupt when the CDP65C51/51A has received a 
fUl data word TNs occurs at about the 8/16 poirit fKitii^ Vm 



Stop Bit The processor must read the Status Register and read 
the ^ta word tt^re the next interrupt, other^yise ttie Overiun 
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Fig. B - Continuous data receiva. 



QBPSSCSI/Slft OPERATION (Cont'd) 

Transmit Data Register Not Loadeil 
By Processor (Fig. 9) 

If the processor is unable to load the Transmit Data Register 
in the allocated time, then the TxD line will go to the 
"MARK" condition until the data is loaded. When the 



processor ImitHy loads new data, a Start Bit immediately 
occurs, the data word transmission is started, and another 
Interrupt Is initiated, signaling for the next data word. 
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F/g. 9 - Transmit data reglstar not loaded by processor. 



Effect of CTS on CDP65C51 Transmitter (Rg. 10) 

CTS is the Clear-to-Send signal generated by the modem. 
It is normally low (true state) but may go high In the event of 
some modem problems. When this occurs, the TxD line 
immediately goes to the "Mark" condition. Interrupts contin- 
ue at ttw same rate, but the ^m^a Register does not 



Indicate the Tran sien t Data Register Is empty. Since there Is 
no status bit for CTS, the processor must deduce that CTS 
has gone to the False (high) state. This is covered later. CTS 
Is a transmit control line only, and has no effect on the 
COPeSGSI Receiver OperaOon. 
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Fig. 10 - Effect of CTS on CDPSSCSI transmK^ 
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CDP65C51/«}A^OP6R*TIO(|.|eMra) 
TRANSMITTER AND RECEIVER OPERATION (Cofifd) 



Effect of CTS on CDP65C51A Transmitter (Fig. 10A) 

CTS is the Ciear-to-Send signai generated by the modem. It 
is normally low (true state) but may go high in the event of 
some modem problems. When this occurs, the TxD line 
gt>es to the "MARK" condition following the complete 
transmission of any character which is currently being 



shifted out of th e Tran smitter Shift Register. Since th ere is 
no status bit for CTS, the processor must deduce that CTS 
has gone to the False (high) state. This is covered later. CTS 
Is a transmit control line only, and has no effect on th# 
' CDi>65C51 A Receiv er Operation. Normal transmission witl 
mume when CTS goes low again. . 
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Fig. 10A - Eliect of CTS on CDP6SCS1A transmitter 



Effect of Overrun on Receiver (Fig. 11) 

If the processor does not read the Receiver Data Register in 
the allocated time, then, when the foliowipg interrupt 
occurs, the nawdata word is not tr " ^ - - - 



Data Register, but the Overrun status bit is set. Thus, the 
Data Register will contain jthe la«t v#id|elata;word received 
and atHioltewing data is ldS».— ' ' 
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fig. 11 ' EfHct of overrun on receiver. 



CDP65C51/S1A OPERATION (Cont'd) 
TRANSMITTES AND RECEIVER OPERATION (eonmi) ^. 

Echo Mode Timing (Fig. 12) 

In Echo Mocle, the TxO line re-transrnits the <igl? on the RxD line, ^^La^yed t>y. ^4 bit time. , 
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Fig. 1i - Eeho mode thnlMg. 



Etteel et CTS on Eeho Medo Operatten (Pig. 13) 

See "Effect of CTS on Tranamitter" for the effect of C Tjj on . tjje Pfooeasor interrupts aignify that the Receiver Data 

the Transmitter. Receiver operation is unaffected by CTS. Reglsterisfull.sotheprocessorhffinoway of knowing that 

so, in Echo Mod e, th e Transmitter is affected In the same the Transmitter has ceased to echo, 
way as "Effect of CTS on Transmitter", in this case however. 
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Pig. 13- Bf/ect of CTS on echo mode. 
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If Overrun occurs in Echo Mode, the Receiver is affected the line goes to the "MARK" condition until the first Start Bit 
same way as described in "Effect of Overrun on Receiver". after the Receiver Data Register Is read by the processor. 

For the re-transmitted data, when overrun occurs, the TxD 
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Fig. 14 - Ovarrun In echo mode. 

Framing Error (Fig. 15) 

Framing Error Is caused by the absence of Stop Blt(s) on Framing Error separately, so the status bit will always 
received data. The status bit is set when the processor rofiee^Jthe last data word recvfefed. 
interrupt occurs. Subsequent data words are tested for 
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NOTES: 

1. FRAMING ERROR DOES NOT 
INHIBIT RECEIVER OPERATION. 

2. IF NEXT DATA WORD IS OK. 
PRAHUNG ERROR IS CLEARED. 
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Fig. IS - Framing error. 



CDP65C51/51A OPERATION CCont>4) 



TRANSMITTER AND RECEIVER OPERATION (Confd) 

Effect of DCD on Recerver (Fig. 16) 

DCD is a modem output used to indicate the status of the carri- 
er frequency detection circuit of the modem. This line goes 
high for a loss of carrier. Normally, when this occurs, the mo- 
dem will stop transmitting data (RxD on the CDP65C51/51A 
some time later). Th e CD P65C51/51A will cause a processor 
interrupt whenever DCD changes state and will indicate this 
condition via the Status Register. 



Once such a change of state occurs, subsequent transitions 
will not cause interrupts or changes in the Status Register until 
the first interrupt is serviced. When the Status Register Is read 
by the process or, th e CDP65C51/51A automatically checks 
the level of the DCD Ifeie, wid if it has changed, anoflier inter- 
rupt occurs. 
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Tlmtng With 1% Slop Btto(Rfl. 17) ^ 

It is possible to select 1 Stop Bits, but this occurs only for processor interrupt for Receiver Data Register Full occurs 
5-bit data words witli no parity bit. In this case, the hftlfway through the trailing haif-Stop Bit. 
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TRANSMITTER AND RECEIVER OPERATION {t«Atfd) 

Transmit Continuous "BREAK" (Fig. 18) 

The mode is selected via the CDP65C51/S1A Command 
Register and causes the Transmitter to send continuous 
"BREAK" characters after both the transmitter and trans- 
mltier-holdlng registers have been emptied. 



When the Command Register is programmed baci^ to nor- 
mal transmit mode, a Stop Bit Is generEded and nortn|l>' 
transmission confinues. ^, -i a5u 
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Fig. 18 - Transmit continuous "BREAK". 



Receive Continuous "BREAK" (Fig. 19) 

In the event the modem transmits continous "BREAK" Reception will resume only after a Stop Bit is encountered 
characters, the CDP65CS1/51A will terminate receiving, by the CDP65G51/51A. 
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STATUS REGISTER OPEflATlON " - 

Because of the special functions of the various status bits, 
ttiere is a sug||»^«^5iequence for ctieclting tfiem. When an 
interrupt occu^-jl^'£tPf§|C51|51A s^f^M|(l^^^ll^|<^> 
as foliows: 

1. Read Status Register i 

This operation automati cally clea rs Bi t 7 (tRQ). 
Subsequent transitions on DSR and DCD will cause 
another interrupt. 

2. Checl< IRQ Bit 

if not set, interrupt source is not the CDP65C51/51 A. 

3. Checit DCD and DSR 

These must be compared to their previous levels, which 
must have been saved by the processor, if they are both 
"0" (modem "on-line") and they are unchanged then the 
remaining bits must be checked. 

4. Checl< RDRF (Bit 3) 

Checl< for Receiver Data Flegister Full. 

5. Check Parity, Overrun, and Framing Error (B}^0r2) 
Only if Receiver Data Register is Full. 

6. Check TDRE (Bit 4) 

Check for Transmitter Data Register Empty. 

7. If none of the above, then CTS must have gone to the 
False (Mg»#at6. 



PROGRAMMED RESET OPERATION 

A program reset occurs wlien the processor performs a write 
operation to the CDP65C51/51A with RSO high and RSI 
low. The program r eset operates somewhat different from 
the hardware reset (RES pin) and is described as foliows: 

1. internal registers are not completely cleared. The data 
sheet indicates the effect of a program^iieset on internal 
registers. 

2. The DTR Itne goes high immediately. 

3. Receiver and tran smitter interrupts are disabled 
immediately. If IRQ is low when the reset occurs, it stays 
lo w unt il serviced, unless intsfi:up|,w|i8 cj^iise|| ^, Q(^ 
or DSR transition. ' 

4. DCD and DSR interrupt s disa bl ed im mediately. If IRQ is 
low anc w as c aused by DCD or DSR, then it goes high, 
also DCD and DSR status bits subsequently will follow 
the input lines, although no IjatecEUptwilUMSue. - - 

5. Overrun cleared, if set. 

MISCELLANEOUS NOTES ON OPERATION 

1. If Echo Mode is selected, RTS goes low. 



2. If Bit of Command Register is "0" (disabled), then: 

a) Ail i nterr upts disabled, including those caused by 
DCD and DSR transitions. 

b) Receiver disabled, but a character currently being 
received will be cornpjeted first. 

c) Transmitter is disabled after both the Trarismit Data 
and Transmit Shift Registers have been emptied. 

3. Odd parity occurs when the sum of ail the "1" bits in the 
data word (including the parity bit) is odd. 

4. I n the Receive Mode, the received parity bit does not go 
into the Receiver Data Register, but is used to generate 
parity error for the Status Register. 

5. Transmitter and Receiver may be in full operation 
simultaneously. This is "full-duplex" mode. 

6. If the RxD line inadvertently goes low and then high 
duringthe first9 receiver clocks after a Stop Bit; a false 
Start Bit will result. 

^ false Start Bit detection, the CDP6SC51/S1 A does not 
begin to receive data, Instead, only a true Start Bit Initiates 
receiver operation. 

7. A precaution to consider with the crystal oscillator 
circuit is: 

The XTLI input may be used as an external clock 
input. The XTLO pln_rnu8t be ftoating and may not be. 
used for any other funcHon. 

B. DCQ and PSi tfsjpsjlipns, althQUgh causing immediate 
processor Interrupts, have no effect on transmitter 
operation. Data will continue to be sent, unless the 
processor forces transmitter to turn off. Since these are 
high-impedance inputs, they must not be permitted to 
float (un-connected). if unused, they rmjsit beterrolnated 
either to Gnd or Vdd. 

QENERATION OF NON-STANDARD BAUD RATES 
DIvlsert 

The internal counter/divider circuit selects the appropriate 
divisor for the crystal frequency by means of bits 0-3 of the 
CDP65C51/51A Control Register. 

The divisors, then, are determined by bits 0-3 in the Control 

Regtstef^^:i]p|^;^M4K^9it:tl|f9^»fil ■., - ,i 

Generating Other Baud Rates 

By using a different crystal, other baud rates may be 
generated. These can be determined by: 

CrystfPrequency 
Dlvfsot I 

Furthermore, it is possible to drive the CDP65CS1/51 A with an 
^ cirjp (^^^r to ai^leve the same Siing. In tils case, XTU 
(pltT^ must & fte dock input and XTLO (pin 7) must be a no 
eonnect 
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CDP65C51/S1A OPERATION (Cont'd) 

Table II - DIvlaor Selection 



CONTROL 
REGISTER 
BITS 



DIVISOR SELECTED 

FOR THE 
INTERNAL COUNTER 



BAUD RATE GENERATED 
WITH 1.8432 MHz 



BAUD RATE GENERATED 
WITH FREQUENCY (F) 



No Divisor Selected 



1/16 of External Clocl< at Pin XTLI 



1/16 of External Clock at Pin XTLI 



36,864 



1.8432x10° 

36.864 



50 



36.864 



1.8432 X 10° 



24,576 



J2i 



75 



24.576 



16,768 



1.8432x10' 



109.92 



13,696 



1.8432 X 10* 
13.696 



-= 134.58 



13.6W., 



12,288 



1.8432x10" 

12 ,289, 



150 



1 t 



1.8432 X 10° 
6.144 ~ 



300 



6.144 



3,072 



1.8432x 10° 



3.072 



600 



3.072 



1,536 



1.8432x10° 



1200 



1.8432 X 10* 
1.Q24 



1,024 



1800 



1.024 



1.8432x10' 



768 



= 2400 



768 



512 



1.8432 X 10° 
512 



3600 



_512_ 



384 



1.8432 X 10* 
364 



4800 



256 



1.8432x10" 
256 



7200 



_2Sfi_ 



1.8432 X 10' 



192 



192 



= 9600 



JS2_ 



1.8432 X 10° 



96 



19200 



-Sfi- 



PIAQNOSTIC LOOP-BACK OPERATING MODES 

A simplified block diagram for a system Incorporafing a CDP65C^'1/5fA is shbwn in Fig. 20. 



PROGRAM 
ROM 



\IO 
CONTROL 



CDP6SC51AIA 
ACU 



J.- .... - 



TOOATAUNK 



Fig. 20 - SlmpUfM syatem dh^am. 
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CDP65C51/S1A OPeAiKTION (Cont'd) 



DIAQNOSTIC LOOP-BACK OPERATIHO MODES 
(Cont'd) 

Occasionally it may be df^sie^le to include In thesystem a 
facility for "loop-back^ dlagriostic testfng, of wtiuih tlwre 
are two kinds: 

1. Local Lobp-BacK 

Loop-back from the point of view of the processor. I n this 
case, the Modem and Data Link must be effectively 
disconnected and the ACI A transmitter connected back 
to its own receiver, so that the processor can perform 
diagnosttc ohecks on the system, excluding the actual 
data channel. 

2. Remote Loop-Back 

Loop-back from the point of view of the Data Link and 
Modem. I nth is case, the processor, Itself, Is disconnected 
and all received data Is immediately retransmitted, so the 
system on the other end of the Data Link may operate 
independent of the local system. 

The CDP65C51/51A does not contain automatic loop back 
operating modes, but they may be implemented with the 
addition of a small amount of external circuitry. 

Fig. 21 indicates the necessary logic to be used with the 
CDP65C51/51A. 

TheLLB line is the positive-true signal to enable local loop- 
back operation. Essentially, LLB = high does the following: 

1. Disables outputs TxD, DTR, and RTS (to Modem). 

2. Disables inputs RxD, DCD, CTS, DSR (from Modem). 



3. (ppnnects transmitter outputs to respective receiver 

Inputs: 

a) TxD to RxD ,.. . ^ 

b) DTRtoDCb - "° ■■ 

c) RTStoCTS - — 

LLB may be tied to a peripheral control pin to provide 
processorcontrol of local loop-back operation. In this way, 
the processor can easily perform loeal loop-biiek diagnostic 



Remote loop-back does not require this circuitry, so LLB 
must be set low. However, the proewsor must select the 

followIng:;^ * 

1 . Control Register bit 4 must be "1", so that the transmitter 
clock = receiver clock. 

2. Command Register bit 4 must be "1" to select Echo 
Mode. 

3. Command Register bits 3 and 2 must be "1" and"0''j 
respectively, to disable transmitter interrupts. 

4. Command Register blt1 musibe;"Q" to dissble receiver 
interrupts. 

In this way, the system retransmits received data without 
any effe^ Qfi the local system. 



RTS DTR TxD 



RxO DCD CTS DSR 



CDHC167 4Y 



SEL 


1Y 




2V 


STB 


3Y 


CDHC157 


4Y 


1B 


1A 


2B 


2A 


38 


3A 


4B 


4A 



92CM- 36799 



HIGH ON LLB SELECTS LOCAL LOOP-BACK MODE. 
HIGH ON HC157 SELECT INPUT GATES "B" INPUTS 
TO "Y- OUTPUTS; LOW GATES "A" TO "Y". 



Fig. 21 - Loop-back circuit schematic. 
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CDP65C51, CDP65C51A 



DYNAMIC ELECTRICAL CHARACTERISTICS— RE>Mg^(WPrJi-QYCl.E 

Vdd = 5V ± 5%, Ta = -4000 to +850C, Cl = 75pF 







LIMITS 








CDP65CS1-1 

CDP65C51A-1 


CDP65C51-2 

CDP65C51A-2 


CDP65CS1-4 

CDP65C51A-4 




CHARACTERISTIC 




iVIlN 


IVIAX 


IVliN 


lUAX 


IMiN 


IVIAX 


UNITS 


Cycle Hme 


tcYC 


1 




0.5 




0.2S 




flS 


02 Pulse wiotn 


'C 


400 




200 




100 




ns 


Address Setup Time m^o ' ■ '' • ■ 


*AC 


120 




60 




30 




ns 


Address Hold Time 


*CAH 

















ns 


R/W Setup Time 


^WC 


120 




60 




30 




ns 


R/WHoIdTlme " ■ 


'CWH 

















ns 


Data Bus Setup Time 


tDCW 


120 




60 




35 




ns 


Data Bus Hold Time 


tHW 


20 




10 




5 




ns 


Read Access Time (Valid Data) 


*CDR 




200 




150 




50 


ns 


Read Hold Time 


tHR 


20 




10 




10 




ns 


Bus Active Time (Invalid Data) 


tCDA 


40 




20 




10 




ns 



Gso,en;:iiso,iis< 



J 



-'CYC- 



'c«H h— 



J 



VlH 



■V|L 



Write-tlming waveforms 



-BUS ^^^mm. 
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Bg. 22 - Timing waveforms. 



CDP65C51. CDP6SC51A 



DYNAMIC ELECTRICAL CHARACTERISTICS-TRANSMIT/RECEIVE, Sa« Hgl. 33, 24 Hid 2S. 
Vdd = 5V ±5%, Ta = -40OC to +85«>C 



\ ■ — - ■ 




LIMITS 




* 




CDP65C51/51A-1 


CDP65C51/51A-2 


CDP85C51/S1A-4 








MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


UNIT 


Transmit/Rocoive Clock RatB 




400* 




325 




250 




ns 


Transmit/Receive Clock High Time 




175 




145 




110 




ns 


Transmit/Receive Clock Low Time 


tCL 


175 




145 




110 




ns 


XTLI toTxD Propagation Delay 


'dd 




500 




410 




315 


ns 


RTS Propagation Delay 


*DLY 




500 




410 




315 


ns 


IRQ Propagation Delay (Clear) 


t|RQ 




500 




410 




315 


ns 


RES Putse Width 


tRES 


400 




300 




200 




ns 



(tp tf - 1 0ns to 30ns) 

* The baud rats with external ctocking is: Baud Ra|9^ 



'16 X TccY 



XTLI 

(TRANSMIT) 
CLOCK IMRtm 



-t«N- 



'OD" 



note: T<D rate is 1/16 T<C RATE 

92CS-36776 



IRQ 

(CLEAR) 











. ••■ ii- ■'ic , ■>; "• 1 


. t 


■ - ,. . ,5 , ,. 






3 


-«B5 

r- 



(0 
CD lu 



o. 



f,(: ..'.••;i-M>. X. lO, •, I V , ' ' 



flxC 

(INPUT) 



\ i ^ 



NOTEi RxD RATE IS 1/16 RxC RATE 
92CS-MT78 
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INTERNAL CLOCK 
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CMOS Real-Time Clock 
With RAM 



Features 

• Low Power, Higti BpMd, High Density CMOS 

• Internal Time Base and Oscillator 

• Counts SeconcTs, Mhutes and Hours of tlie Day 

• Counts Days of the Weelti Date, Month and Year 

• 3V to 6V Operation 

• Time Base Input Options 4.194304MHz, 

1.048S76MHZ, or 32.768kHz 

• Time Base Oscillator for Parallel Resonant Crystals 

• Typical Operating Power 

> Low Frequency Time Base 40)jW to 200|jW 

> High Frequency Time Base 4.0mW to 20mW 

• Binary or BCD Representation of Time, Calendar and Alarm 

• 12 or 24 Hour Clock with AM and PM In 12 Hour Mode 

• Daylight Savings Time Option 

• Automatic End of Month Recognition 

• Automatic Leap Year Compensation 

• IVIicroprocessor Bus Compatible 

• MOTEL Circuit for Bus Universality 

• Multiplexed Bus for Pin Efficiency 

• Interfaced with Software as 64 RAM Locations 

• 14 Bytes of Clock and Control Registers 

• 50 Bytes of General Purpose RAM 

• Status Bit Indicates Data Integrity 

• Bus Compatible Interrupt Signals (IRQ) 

• Three Interrupts are Separately Software Maskable and 
Testable 

> TIme-of-Day Alarm, Once-Per-Second to Once-Per-Day 

> Periodic Rates From 30.5)is to SOOms 

*■ End-of-Clock Update Cycle ' ' 

• Programmable Square Wave Output Signal 

• Clock Output May Be Used As Microprocessor Clock Input 
*■ At Time Base Frequency +1 or +4 

• 24 Pin Dual In Line Package 



Description 

The CDP6818 Real-Time Ctock pluse RAI\^ is a 
peripheral device which Includes the unique 
MOTEL concept for use with many 8 bit 
microprocessors, microcomputers, and larger 
computers. This device combines three unique 
features a complete time-of- day c\ocV. with alarm 
and one hundred year calendar, a programmable 
periodic Interrupt and square vjaye generator, and 
50 bytes of low power static RAIVI. The CDP6818 
uses high speed CMOS technology to interface 
with 1MHz processor buses, while consuming 
very little power. 

The Real-Time Clock plus RAM has two distinct 
uses. First, It Is designed as a battery powered 
CMOS device (In an othenwise NMOS/TTL system) 
Including all the common battery bacl<ed-up func- 
tions such as RAM, time, and calendar. Secondly, 
the CDP6818 may be used with a CMC^ 
microprocessor to relieve the software of the 
timekeeping workload and to extend the available 
RAM of an MPU such as the CDPe805E2. 

The CDP6818 is supplied In a 24 lead dual-in-ilne 
plastic package (E suffis^and In a 24 lead dual-in- 
line shtebrazed ceramie ^iy| >iaB» p suffix). 



Pinout 



PACKAGE TYPES D AND E 
TOP VIEW 



wc 






24 


"DO 


0SC1 




! 


23 


SOW 


0SC2 




3 


Zt 


PS 


ADO 






Zi 


CK OUT 


AD1 




5 


20 


CKFS 


A02 




6 


19 


— i55 


ADS 




T 


IS 


RnET 


*D4 




B 


17 


DS 


ADS 




9 


16 


NC 


ADS 




10 


19 


R/W 


ADT 




II 


14 


AS 


vss 




12 


IS 





Block Diagram 
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CDP6818 



MAXIMUM RATINGS (Voltages referencod to Vss) 



Ratings 


Symbol 


Value 


Unit 


Supply Voltage 


vqd 


-0.3 to +8 


V 


All Input Voltages 


Vin 


Vss-0.5to Vdd + 0.5 


V 


Current Drain per Pin Excluding 

Vdd and Vss 


1 


10 


mA 


Operating Temperature Range 


Ta 


Oto +70 


°C 


Storage Temperature Range 


Tstg 


-55 to +150 


•c 



Charactarlitles 


Symbol 


MIn 


Max 


Unit 


Frequency of Operation 


'osc 


32.768 


4194.304 


kHz 


Output Voltage 
lLoad<10MA 


Vol 




0.1 


V 


VOH 


Vdd -0-1 




Iqq — Bus IdiG {ExtGrnsI clock) 
CICOUf=fosc. CL=15pF; SOW Disabled, 5E=Vdd- 2; Cl(OSC2) = 10 pF 
fo,j-4.194304 MHz 
foso=lO«516MHi 
fosc = 32.768 kHz 


iddi 

>DD2 
>DD3 




3 

0.8 
50 


mA 
mA 
fA 


IDD ~ Quiescent 

fosc = DC; 0SC1-DC; , , 
All Other lnpu«s=VDD-0-2V; 

No Clock 


ID04 




50 


cA 


Outpul High Voltage AD0-AD7 CKOUT 
l'Load= - 1-6 mA, SUW, lLoad= -10 mAl 


VOH 


4.1 




V 


Output Low Voltage AD0-AD7 CKOUT 
(lLoad= 1-6 i"A, iRO, and SOW, lLoad= 10 mAI " 


Vol 




0.4 


V 


Input Hi^ Voltage CKFS. AD0-AD7. DS, AS, R/W, CE, PS 

RESET 
OSCI 


V|H 


Vdd -2 
vdd-o.b 

Vdd-1 


Vdd 
Vdd 
Vdd 


V 


Input Low Voltage AD0-AD7, DS. AS, R/W, CE 

CKFS. PS, RESeT 
OSCI 


V|L 


Vss 
vss 
Vss 


0.8 
0.8 
0.8 


V 


Input Currant All Inputs 


'in 




±1 




Three-State Leakage AO0-AD7 


'TSL 




±10 


CA 



DC ELECTRICAL CHARACTERISTICS (Vdd = 3 Vdc, Vss = Voc. Ta = 0° to 70° C unless otherwise noted) 



ChafaclaflaHoa 


Symbol 


MIn 


Max 


Unit 


Frequency of Operation 


fosc 


32.768 


32.768 


kHz 


Output Voltage 
Load < 1 ^ a 


Vol 




0.1 


V 


VoH 


Vdd-0.1 




Iqq — Bus Idle - - 

CKOUT = f„c, Cl = IS pF, JSQW .EBliteM, 51 = Vpp-0.2. Ci (OSC2) = 10 pF 

fosc = 32.768 kHz 


Iocs 




50 


«A 


IdD — Quiscent 
fosc = DS; 0SC1=DC; 
All Other Inputs = Vdd-0.2 V; 
No Clock 


IDD4 




50 


UA 


Output High Voltage 
(LLo,a = -0.25 mA, All Outputs) 


VoH 


2.7 




V 


Output Low Voltage 

(lL„.d = 0.25 mA, All Ou^Uls)- T 


Vol 




0.3 


V 


Input High Voltage AO0-AD7. DS, AS, IVW, CE, 

RESer. CKFS. PS. OSCI 


V,H 


2.1 
2.5 


Voo 
Vdo 


V 


Input Low Voltage (All Inputs) 


V,t 


V„ 


0.5 


.. . ^ 


Input Current All Inputs 


L 




±1 




Three-State Leakage IRQ, AD0-AD7 


Im 




±10 


//A 



5^1 



CDP6818 



BUS TIMING 



Mwit. 
Number 


Charadcrltllct 


Symbol 


Vdd = 3.0 V 
SO pF Load 


VoD = 5.0 V 

± 10% 
2 TTL and 
130 pF Load 


Unit 


MIn 


Max^ 


MIn 


Max 


1 


Cycle Time 


tcyc 


5000 






UC 


ns 


2 


Pulse Width, DS/E Low or RD/WR High 


PWel 


1 000 




300 




ns 


3 


Pulse Width, DS/E High orHD/WRLow 


PWeh 


lOUU 




325 




ns 


4 


Input Rise and Fall Time 


1, t, 




100 




30 


ns 


8 


R/WHold Time 


tRWH 


10 




10 




ns 


13 


R/W Setup Time Before DS/E 


tRWS 


200 




80 




ns 


14 


Chip Enable Setup Time Before AS/ALE Fall 


tcs 


200 


♦ 


66 


* 


ns 


15 


Chip Enable Hold Time 


tcH 


10 









ns 


18 


Read Data Hold Time 


toHR 


10 


1000 


10 


100 


ns 


21 


Write Data Hold Time 


toHW 


100 









ns 


24 


Muxed Address Valid Time to AS/ALE Fall 


Iasl 


200 




50 




ns 


25 


Muxed Address Hold Time 


tAHL 


100 




20 




ns 


26 


Delay Time DS/E to AS/ALE Rise 


Iasd 


500 




50 




ns 


27 


Pulse Width, AS/ALE High 


PW.SH 


600 




135 




ns 


28 


Delay Time, AS/ALE to DS/E Rise 


Iased 


500 




60 




ns 


30 


Peripheral Output Data Delay Time from DS/E or BIS 


toDR 


1300 




20 


240 


ns 


31 


Peripheral Data Setup Time 


tosw 


1500 




200 




ns 



NOTE: Designations E, ALE, VS, and WR refer to signals from alternative microprocessor signals. 
*Sae Important Application Notice (refer to Fig. 23). 
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Fig. 2 — CDPeeiB bus nming wamlenm: 



C&P68t§ 




Fig. 3 — Bus-read timing competitor multipiexed bus. 




NOTE: VhigH = Vdd-2.0 V, VloW = 0-8 V, for Vdd = 5.0V ±10% 



Fig. 4 — Bus-write timing competitor multiplexed bus. 





fRC 


— 


100 


ms 


Reset Pulse Width 




tRWL 


5 


— 


MS 


Reset Delay Time 


>RLH 


5 


— 


(»S 


Power Sense Pulse Width 


'PWL 


5 


— 


fS 


Power Sense Delay Time 




tPLH 


5 


— 


MS 


IRQ Release from DS 


'IRDS 


- 




MS 


IRQ Release from RESET 


'IRR 






Mi 


VRT Bit Delay , 


tVRTD 




2 


IIS 



DS 



RESET 



IRQ 



^ 



• VlOW 



j"- vhigh ''^^ 



'IRDS 

NOTE: Vhigh = Vdd-2.0 V, VlOW=0.8 V, for Vdd=6iO V^i IMfe,. 




Fig. B — IRQ release delay timing waveforms. 
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Fig. e — TTL equivalent teat load. 



CDP6818 
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RESET Pin 
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Fig. 7 — Power-up timing wavafonhs. 
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(T) The VRT bit is sel lo a "I" by reading Controi Register »D. The VRT Bit can only be cleared by pulling 
the PS Pin low (see REGISTER D ($OD)). 

Fig. 8 ~ CondMom that char VHT bit Umlitg wav^orms. 
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MOTEL 

The MOTEL circuit is a new cencept that permits- ttw- 
CDP681 8 to be directly interfaced with many types of micro- 
processors. No external logic Is needed to adapt to the differ- 
ences In bus control signals from common muttiplexed bus 

microprocessors 

Practically all microprocessors interfiBce with one of two 
synchronous bus structures. 

The MOTEL circuit is built into peripheral and memory ICsto 
permit direct connection to either type of bus. An industry 
standard bus structure is now available. The MOTEL conqept 
is shown logically in Figure 9. 



MOTEL selects one of two Interpretations of two pins. In the 
6805 case, DS and R/W are gated together to produce the 
internal read enable. Thejnternal write enable is a similar 
gating of the inverse of R/W, With competitor buses, the inver- 
sion of RD and WR create functionally identical internal read 
and write enable signals. 

The CDP6818 automatically selects the processor type by 
using AS/ ALE to latch the state of the DS/RD pin. Since DS is 
always low and RD is always high during AS and ALE, the latch 
-.autaraa^caJly indicates -which processor type Is connected. 



6800 

Family Type Competitor Type CDP6818 
MPU Signals MPU Signals Pin Signals 



\ 



AS 



ALE 



DS, E, or*2 R5 



niernai 
Signals 



R/W 




■ Fig. 9 — Functional diagram oLUOTEL circuit. 



SIGNAL DESCRIPTtONS 

The block diagram in Figure 1 , shows the pin connection 
with the major internal functions of the CDP6818 Real-Time 
Clock plus RAM. The foHowtng paragr^hs describ^ttit'*»ine— 
tion of each pin. 

Vdd, Vss 

DC power is provided to the part on these two pins, Vdd 
tjeing the most positive voltage. The minimum and max- 
imum voltages are listed in the Electrical Characteristics 
tables. 



AT cut crystal at 4.194304 MHz or 1.048576 MHz frequen- 
cies. The crystal connections are shown in Figure 1 1 and the 
crystal characaeristii^ iri Fijjjiee 12. " 

cicOUT - CLOCK OUT, OUTPUT 

The CKOUT pin is an output at the time-base frequency 
divided by 1 or 4. A major use for CKOUT is as the input 
clock to the microprocessor; thereby saving the cost of a se- 
cond crystal. The frequency of CKOUT depends upon the 
time-t)ase frequency and the stats of ^ GKFS pin as shown 
in Table 2. 



0SC1, 0SC2 -. TIME BASE, .INPUTS 

The time base for the time~fijnctions may be an external 
signal or the crystal oscillatol. External square waves at 
4.194304 MHz, 1.048576 MHz, or 32.768 kHz may be con- 
nected to OSCl as shown in Figure 10. The time-base fre- 
quency to be used is chosen in Register_A. 

The on-diip oscillator is designed for a parsltal r^nant 



-CKFS - CLOCK OUT FREQUENCY SELECT, INPUT 

The CKOUT pin is an output at the time-t)ase frequency 
divided by 1 or 4. CKFS tied to Vdd causes CKOUT to be 
the same frequency as the time base at the OSCl pin. Wfisn 
CKFS is at Vss. CKOUT is the OSCl time-base frequency 
divided by four. Table 2 summarizes ttm effect of CKFS. 
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CDP6818 



Vdd 



Optional 

(Vdd -10V) 



4.194304 MHz 

or 

1.048576 MHz 
or 

32.768 kHz 



(Open I 



0SC1 
0SC2 

CDP681 8 



Fig. 10 — External Time-base connection. 
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4.194304 MHz 

or , 

1 .048576 MHz I 1 

or 

32.768 KHz 



10 M 




300-470K* 



•32.768 KHz — Consult, manufacturm spe^ffieaJisn 

Fig. 1 1 — Crystal oscillator coitnecOon. 

Crystal Equivalent Circuit 
LI CI RS 

-HI NAAr- 



co 



m 
ID m 

a. 



fosc 


4.194304 MHz 


1.048576 MHz 




Rs max 


75 n 


700 n 


50 K 


CO max 


7 pF 


5 pF 


1.7 pF 


CI 


0.012 pF 


0.008 pF 


0.003 pF 


C^„/C„„, 


15-30 pF 


15-40 pF 


10-22 pF 


Q 


50 k 


35 k 


30 k 


R 






300-470 K 


Ri 


10M 


10M 


22M 



Fig. 12 — Crj'stal pmatmtarSi 
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Select Pin 


Output Pin 


Frequency 


(CKFS) 


(CKOUTI 


4.194304 MHz 


High 


4.194304 MHz 


4.194304 MHz 


Low 


1.048576 MHz 


1.048576 MHz 


High 


1.048576 MHz 


1.048576 MHz 


Low 


262.144 kHz 


32,768 kHz 


High 


32.768 kHz 


32.768 kHz 


Low 


8.192 IcHz 



SOW — SQUARE WAVE, OUTPUT 

The SOW pin can output a signal one of 15 of the 22 
internal-divider stages. The frequency and output enable of 
the SOW may be altered by programming Register A, as sfiown 
In Table 5. The SOW signal may be turned on and off using a bit 
in Register B. 



AD0-AD7 — MULTIPLEXED BIDIRECTIONAL 
ADDRESS/DATA BUS 

Multiplexed bus processors save pins by presenting the 
address during the first portion of the bus cycle and using the 
same pins during the second portion for data. Address-then- 
data multiplexing does not slow the access time of the 
CDP6818 since the bus reversal from address to data is oc- 
curring during the internal RAM access time. 

The address must be valid just prior to the fall of AS/ ALE at 
which time the CDP6818 latches the address from ADO to 
ADS. Valid write data must be prese nted and held stable during 
the latter portion of the DS or WR pulses. In a read cycle, the 
CDPes^S outputs 8 bits of data duringthelatter portion of the 
DS or RD pulses, then ceases driving tlie bus (;etm9 tile 
output drivers to three-state) when DS (alls in ttiis case of 
MOTEL or HO rises in the other case. 



AS — MULTIPLEXED ADDRESS STROBE, INPUT 

A positive going multiplexed address strobe pulse serves to 
demultiplex the bus. The falling edge of AS or ALE causes the 
address to be latched within the CDP6818. The automatic 
MOTEL circuitry in the CDP681 8 also latches the state of the 
DS pin with the falling edge of AS or ALE. 



DS — DATA STROBE OR READ. INPUT 

The DS pin has two Interpretations via the MOTEL circuit. 
When emanating from a 6800 type processor. DS is a positive 
pulse during the latter portion of the bus cycle, and Is variously 
called DS (data strobe), E (enable), and 02 (02 clock). During 
read cycles, DS signifies the time that the RTC Is to drive the 
bidirectional bus. In write cycles, the trailing edge of DS 
causes the Real-Time Clocic plus RAM to latch the written 
data. 

The se cond MOTEL interpretation of DS is that of RD, 
MEMR. or I/OR emanating from a competitor type processor. 
In this case. DS identifies the time period when the real-time 
clock plus RAM drives the bus with read data. This interpreta- 
tion of DS Is also the same as an output-enable signal on a 
typical memory. 

The MOTEL circuit, within the CDP8818, latches the state of 
the DS pin on the falling edge of AS/ ALE. When the 6800 mode 
of MOTEL is desired DS iriust be low during AS/ ALE, which is 



liiuiii iciiiciiii nign aunng tne time AS/ ALE Is high. 



R/W — READ/WRITE, INPUT 

The MOTEL circuit treats the R/W pin in one of two ways. 
When a 6805 type processor is connected, R/W is a level 
which indicates whether the current cycle is a read or write. A 
read cycle is indicated with a high level on_R/W while DS Is 
high, whereas a write cycle is a low_on R/W during DS. 

Tfie sec ond inte rpret atiian o f R/W is as a negative write 
pulse, WR, MEMW, and l/OW from competitor type proces- 
sors. The MOTEL circuit in this mode |Swe8,H/W pin the smm . 
meaning as the write (W) pulse on rniriy fsnerlG RAMs. 



CE — CHIP ENABLE, INPUT 

The chip-enable (CE) signal must be asserted (low) for a 
bus cycle in which the CDP681 8 is to be accessed. ^ is not 
latched and must be stable during DS and AS (in the ^05 
mode of MOTEL) and during RD and WR (In the competitor 
mode). Bus cycles which take place without asserting CE 
cause no actions to take place within the CDP681 8. When CE 
Is high, the multiplexed bus output is in a high-lmpedanOB 
state. 

When CE Is high, all address, data, DS, and R/W inputs from 
the processor are disconnected within the CDP6818. This 
permits the CDP681 8 to be isolated from a powered-<:lown 
processor. When CE is held high, an unpowered device cannot 
receive power through the input pins from the real-time clock 
power source. Battery power consumption can thus be re- 
duced by using a pullup resistor or active clamp on CEwhen 
the main power is off. . - 

— INTERRUPT REQUEST, OUTPUT 

ThelRG pin isanactive low output of the CDP6818that may 
be Used as an Interrupt input to a processor. The IRQ output 
remains low as long as the status bit causing the interrupt is 
present and t he corresponding interrupt-enable bit is set. To 
clear the IR Q pin, the processor program normally reads Reg- 
ister C. The RESET pin also clears pending int erru pts 

When no Interrupt conditions are present, the IRQ level Is In 
the high-impedance state. Mult iple interrupting devices may 
thus be connected to an IRG bus with one pullup at the 
processor. 



RESET — RESET, INPUT 

The RESET pin does not aff ect the c lock, calendar, or RAM 
functions. On the powerup, the RESET pin must be held lowfor 
the specified time, (rlh, in order to allow the power supply to 
stabilize . Figure 13 shows a typical representation of the 

RESET pin circu it. 
When RESET is low the following occurs: 

a) Periodic Interrupt Enable (PIE) bit Is cleared to zero, 

b) Alarm Interrupt Enable (AIE) bit Is cleared to zero, 

c) Update ended Interrupt Enable (UIE) bit is cleared to 
zero, 

d) Update ended Interrupt Flag (UF) bit is cleared to zero, 

e) Interrupt Request status Flag (IRQF) bit is cleared to 
zero, 

f) Periodic Interrupt Hao-IEE) bit is cleared to zero, 



cDPesm 



g) Alarm Interrupt Flag (AF) bit is cleared to zero, 
hi IRQ pin is in high-impedance state, and 
i) Square Wave output Enable (SQWE) bit is cleared to 
zero. 
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Note: If the RTC is isolated from the MPU or MCU power by a 
diode drop, care must be taken to meet Vjp requirements. 

Fig. 13 — Typical power-up delay circuit lor FtESET. 
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PS - POWER SENSE, INPUT 

The power-sense pin is used in the control of the valid 
RAM and time (VRT) bit in Register D. When the PS pin is low 
the VRT bit is cleared to zero. 

During pow/erup, the PS pin must be externally held low/ for 
the specified time, tpL. As power is applied the VTR bit re- 
mains low indicating that the contents of the RAM, time 
registers, and calendar are not guaranteed. When normal 
operation commences PS should be permitted to go high 
after a powerup to allow the VRT bit to be set by a read of 
Register D. Figure 14 shows a typical circuit connection for 
the power-sense pin. 



t>OVWaT4IOWN CONSIDEnKTIONS 

In most systems, the CDP681 8 must continue to keep time 
when system power is removed. In such systems, a conver- 
sion from system power toan alternate power supply, usually a 
battery, must be made. During the transition from system to 
battery power, the designer of a battery backed-up RTC sys- 
tem must protect data integrity, minimize power consumption, 
and ensure hardware reliability. 

The chip enable|CE) pin controls all bus inputs (R/W, DS, 
AS, AD0-AD7). CE, when negated, disallows any unintend- 
ed modification of the RTC data by the bus. CE also reduces 
power consumption by reducing the number of transitions 
seen internally. 

Power consumption may be further reduced by removing 
resistive and capacitive loads from the clock out (CKOUT) 
pin and the squarewave (SOW) pin. 

During and after the power source conversion, the V|N 
maximum specification must never be exceeded. Failure to 
meet the V|m maximum specification can cause a virtual 
SCR to appear which may result in excessive current drain 
and destruction of the part. 



ADDRESS MAP 

Figure 15 shows the address map of the CDP6818. The 
memory consists of 50 general purpose RAM bytes, 1 RAM 
bytes which normally contain the time, calendar, and alarm 
data, and four control and status bytes. All 64 bytes are directly 
readable and writable by the processor program except Regis- 
ters C and D which are read only. Bit 7 of Register A and the 
high order bit of the seconds byte are also read only. Bit 7, of 
the second byte, always reads "0", The contents of the four 
control and status regl^rs'^, described in the Register 
section. 



TIME, CALENDAR, AND ALARM LOCATIONS 

The processor program obtains time and calendar infor- 
mation by reading the appropriate locations. The program 
may initialize the time, calendar, and alarm by writing to 
these RAM locations. The contents of the 10 time, calendar, 
and alarm byte may be either binary or binary-coded decimal 
(BCD). 
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Fig. 14 - Typical power-up tMey etrcult lor POWER SENSE. 
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Before initializing the internal registers, the SET bit in 
Register B should be set to a "1" to prevent time/ calendar 
updates from occurring. The program initializes the tO loca- 
tions in the selected format (binary or BCD), then indicates 
the format in the data mode (DM) bit of Register B. All 10 
time, calendar, and alarm bytes must use the same data 
mode, either binary or BCD. The SET bit may now be cleared 
to allow updates. Once initialized the real-time clock makes 
all updates in the selected data /node. The data mode cannot 
be changed without reinitializing the 10 data bytes. 

Table 3 shows the binary and BCD formats of the 10 time, 
calendar, and alarm locations. The 24/12 bit in l^egister B 
establishes whether the hour locations represent 1-to-12 or 



O-to-23. The 24/12 bit cannot be changed without reinitializ- 
ing the hour locations. When the 12-hour format is selected 
the hidh-order bit of tihe hours byte repfgaenis PM wfwi it is 
a 1 . 

The time, calendar, and alarm bytes are not always ac- 
cessable by the processor program. 'Onee-per-second the 10 
bytes are switched to the update logic to be advanced by one 
second and to check for an alarm condition. If any of the 10 
bytes are read at this time, the data outputs are undefined. 
The update lockout time is 248 /is at the 4.194304 MHz and 
1.048567 MHz time bases and 1948 /.s for the 32.768 kHz 
time base. The Update Cycle section shows how to accom- 
modate the update cycle in the processor program. 
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Fig. IS — Address map. 
TABU 3 - TIME, CALENDAR, AND ALARM DATA MODES 







Decimal 






Example* 


Addms 


Funclion 


nniya 


Binary 
Data Mode 


BCD 
Data Mode 


Locstkm 


Range 


Binary Data Mode 


BCD Data Mode 





Seconds 


0-59 


$00- $3 B 


$0C-S59 


15 


21 


1 


Seconds Alarm 


0-59 


$00-$3B 


$00-$59 


15 


21 


2 


Minutes 


0-59 


$00-S3B 


$00-$59 


3A 


58 


3 


Minutes Alarm 


0-59 


S00-$3B 


S0O-$59 


3A 


58 




Hours 


1-12 


$01-$0C (AM) and 


$01-S12 (AM) and 


05 


05 




(12 Hour Mode) 


$81-S8C (PM) 


S81-$92 (PM) 


4 


Hours 
(24 Hour Mode) 


0-23 


ioo-iv 


S00-$23 


05 


05 


5 


Hours Alarm 
(12 Hour Model 


1-12;' 


■SOI-SOC (AM) and 
$81-$8C (PM) 


$01-$12 (AM) and 
$81-$92 (PM) 


05 


05 


Hours Alarm 
(24 Hour Mode) 


0-23 




$00-23 


06 


05 


6 


Day of the Week 
Sunday = 1 


1-7 


$01-$07 


$01 -$07 


05 


05 


7 


Day of the Month 


1-31 


$01-$1F 


$01 -$31 


OF 


15 


8 


Month 


1-12 


S01-$0C 


$01-$12 


02 


02 


9 






$oa-$§3 


m-$99 


4F 


79 



1 



no 



■Example: 5:5821 Thursday February IS 1979 (Tirhe Is AM.) 
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The three alarm bytes may be used in two ways. When the 
program inserts an alarm time in the appropriate hours, 
minutes, and seconds alarm locations, the alarm interrupt is 
initiated at the specified time each day if the alarm enable bit 
is high. The alternate usage is to insert a "don't care" state in 
one or more of three alarm bytes. The "don't care" code is 
any hexadecimal byte from CO to FF. That is, the two most- 
significant bits of each byte, when set to "1", create a "don't 
care" situation. An alarm interrupt each hour is created with 
a "don't care" code in the hours alarm location. Similarly, an 
alarm is generated every minute with "don't care" codes in 
the hours and minutes alarm bytes. The "don't care" codes 
in all three alarm bytes create an interrupt every second. 

STATIC CMOS RAM 

The 50 general purpose RAM bytes are not dedicated within 
the CDP6818. They can be used by the processor program, 
and are fully available during the update cycle. 

When time and calendar information must use battery 
back-up, very frequently there is other non-volatile data that 
must be retained when main power is removed. The 50 user 
RAM bytes serve the need for low-power CMOS battery- 
backed storage, and extend the RAM available to the pro- 
gram. 

When further CMOS RAM is needed, additional CDP681 BS 
may be included in the system. The time/calendar functions 
may be disabled by holding the DV0-DV2 dividers, in Register 
A, in the reset state or by setting the SET bit in CR2 Register B 
or by removing the oscillator. Holding the dividers in reset 
prevents interrupts or SOW output from operating while set- 
ting the SET bit allows these functions to occur. With the 
dividers clear, the available user RAM is extended to 59 bytes. 
Bit 7 of Register A, Registers C and D, and the high-order Bit of 
the seconds byte cannot effeotlv% fie used as general pw- 
pism RAM. " - , . 

INTERRUPTS 

The RTC plus RAM includes three separate fully automatic 
sources of interrupts to the processor. The alarm interrupt 
may be programmed to occur at rates from once-per-second 
to one-a-day. The periodic interrupt may be selected for 
rates from half-a-second to 30.517 iis. The update-ended 
interrupt may be used to indicate to the program that an up- 
date cycle is completed. Each of these independent interrupt 
conditions are described in greater detail in other sections. 

The processor program selects which interrupts, if any, it 
wishes to receive. Three bits in Register B enable the three 
interrupts. Writing a "1" to a interrupt-enable bit permits 
that interrupt to be initiated when the event occurs. A "0" in 
the interrupt-enable bit prohibits the IRQ pin from being 
asserted due to the interrupt cause. 

If an interrupt flag is_already set when the interrupt 
becomes enabled, the IRQ pin is immediately activated, 
though the interrupt initiating the event may have occurred 
much earlier. Thus, there are cases where the program 
should clear such earlier initiates)! tnierrupts before first 
enabling new interrupts. 



When an interrupt event occurs a flag bit is set to a "1" in 
Register C. Each of the three interrupt sources have separate 
flag bits in Register C, which are set independent of the state 
of the corresponding enable bits in Register B. The flag bit 
may be used with or without enabling the corresponding 
enable bits. 

In the software scanned case, the program does not 
enable the interrupt. The "interrupt" flag bit becomes a 
status bit, which the software interrogates, when it wishes. 
When the software detects that the flag is set, it is an Indica- 
tion to software that the "interrupt" event occurred since the 
bit was last read. 

However, there is one precaution. The flag bits in Register 
C are cleared (record of the interrupt event is erased) when 
Register C is read. Double latching is included with Register 
C so the bits which are set are stable throughout the read 
cycle. All bits which are high when read by the program are 
cleared, and new interrupts (on any bits) are held until after 
the read cycle. One, two, or three flag bits may be found to 
be set when Register C is read. The program should inspect 
all utilized flag bits every time Register C is read to insure 
that no interrupts are lost. 

The second flag bit usage method is with fully enabled 
interrupts. When an interrupt-flag Mt is set and the cor- 
responrfing interrupt-enable bit is also set, the IRQ pin is 
asserted low. IRQ is asserted as long as at least one of the 
three interrupt sources has its flag and enable bit s bot h set. 
The IRQF bit in Register C is a "1" whenever the IRQ pin is 
being driven low. 

The processor program can determine that the RTC 
initiated the interrupt by reading Register C. A "1" in bit 7 
(IRQF bit) indicates that one or more interrupts have been 
initiated by the part. The act of reading Register C clears all 
the then-active flag bits, plus the IRQF bit. When the pro- 
gram finds IRQF set, it should look at each of the individual 
flag bits in the same byte which have the corresponding 
interrupt-mask bits set and service each interrupt which is 
set. Again, more than one interrupt-flag bit may be set. 



DIVIDER STAGES 

The CDP6818 has 22 binary-divider stages following the 
time base as shown in Figure 1 .The output of the dividers is a 1 
Hz signal to the update-cycle logic. The dividers are controlled 
by three divider bits (DV2, DV1 , and DVO) in Register A. 



DIVIDER CONTROL 

The divider-control bits have three uses, as shown in Table 
4. Three usable operating time bases may be selected 
(4.194304 MHz, 1.048576 MHz, or 32.768 kHz). The divider 
chain may be held reset, which allows precision setting of 
the time. When the divider is changed from reset to an 
operating time base, the first update cycle is one second 
later. The divider-control bits are also used to facilitate 
testing the CDP6818. . 
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iv-wivKjer Otis 




DV2 


DV1 


DVO 


4.194304 MHz 











Yes 


- 


N = 


1,048576 MHz 








1 


Yes 


- 


N = 2 


32.768 kHz 





1 





Yes 


- 


N = 7 


Anv 


1 


1 





No 


Yes 




Any 


1 


1 


1 


No 


Yes 





Note: Other combinations of divider liits are used for test purposes only. 



SQUARE-WAVE OUTPUT SELECTION 

Fifteen of tfie 22 divider taps are made available to a 
l-of-15 selector as sfiovi/n in Figure 1. The first purpose of 
selecting a divider tap is to generate a square-wave output 
signal on ttie SQW pin. Four bits in Register A establisti ttie 
square-wave frequency as listed in Table 5. The SQW fre- 
quency selection shares the 1-of-15 selector with periodic 
interrupts. 

Once the frequency is selected, the output of the SQW pin 
may be turned on and off under program control with the 
square-wave enable (SQWEI bit in Register B. Altering the 
divider, square-wave output selection bits, or the SQW 
output-enable bit may generate an asymetrical waveform at 
the time of execution. The square-wave output pin has a 
number of potential uses. For example, it can serve as a fre- 
quency standard for external use, a frequency synthesizer, or 
could be used to generate Qrie mere aui^lb tones under 
program control. 



PERIODIC INTERRUPT SELECTION 

The periodic interrupt allows the IRQ pin to be triggered 
from once every 500 ms to once every 30.517 fis. The 
periodic interrupt is separate from the alarm interrupt which 
may be output from once-per-second to once-per-day. 

Table 5 shows that the periodic interrupt rate is selected 
with the same Register A bits which select the square-wave 
frequency. Changing one also changes the other. But each 
function may be separately enabled so that a program could 
switch between the two features or use both. The SOW pin 
is enabled by the SQWE bit. Similarly the periodic (n^^fl^it is 
enabled by the PIE bit in Register B 

Periodic interrupt is usable by practically all real-time 
systems. It can be used to scan for all forms of inputs from 
contact closures to serial receive bits on bytes It can be used 
in multiplexing displays or with software counters to 
measure inputs, create output MillOtB, pr await the 
needed software function. 



TABLE 5 - PERIODIC INTERRUPT RATE AND SQUARE WAVE OUTPUT FREQUENCY 



Rate Select 
Control Register A 


4.194304 Of 1.048S76ti/IHz 
Time Base 


32.768 kHz 
Time Base 


Periodic 
Interrupt Rate 
tpi 


SQW Output 
Frequency 


Periodic 
interrupt Rate 
tpi 


SQW Output 
Frequency 


RS3 


RS2 


RSI 


RSO 














None 


None 


None 


None 











1 


30.517 ^s 


32.768 kHz 


3.90625 ms 


256 Hz 








1 





61.035 /.s 


16.384 kHz 


7.8125 ms 


128 Hz 








1 


1 


122.070 ^3 


8.192 kHz 


122.070 /IS 


8.192 kHz 





1 








244.141 


4.096 kHz 


244.141 ;<s 


4.096 kHz 





1 





1 


488 281 I1.S 


2.048 kHz 


488.281 US 


2 048 kHz 





1 


1 





976.562 lis 


1.024 kHz 


976.562 MS 


1.024 kHz 





1 


1 


1 


1.953125 ms 


512 Hz 


1.953125 ms 


512 Hz 













3.90625 ms 


256 Hz 


3.90625 ms 


256 Hz 




c 





1 


7.8126 ms 


128 Hz 


7.8125 ms 


128 Hz 







1 





15.625 ms 


64 Hz 


15.625 ms 


64 Hz 







1 


1 


31.25 ms 


32 Hz 


31.25 ms 


32 Hz 




1 








62.5 ms 


16 Hz 


62 .5 ms 


16 Hz 




1 





1 


125 ms 


8 Hz 


125 ms 


8 Hz 




1 


1 





250 ms 


4 Hz 


250 ms 


4 Hz 




1 


1 


1 


500 ms 


2 Hz 


500 ms 


2 Hz 
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UPDATE CYCLE 

The CDP6818 executes an update cycle once-per- 
second, assuming one of the proper time bases is in place, 
the divider is not clear, and the SET bit in Register B is clear. 
The SET bit in the "1" state permits the program to initialize 
the time and calendar bytes by stopping an existirig update 
and preventing a new one from occurring. 

The primary function of the update cycle is to increment 
the seconds byte, check for overflow, increment the minutes 
byte when appropriate and so forth through to the year of 
the century byte. The update cycle also compares each 
alarm byte with the corresponding time byte and issues an 
alarm if a match or if a "don't care" code (11XXXXXX) is 
present in all three positions. 

With a 4.194304 MHz or 1.048576 MHz time base the up- 
date cycle takes 248 /js while a 32.768 kHz time base update 
cycle takes 1984 /is. During the update cycle, the time, calen- 
dar, and alarm bytes are not accessable by the processor 
program. The CDP681 8 protects the program from reading 
transitional data. This protection is provided by switching 
the time, calendar, and alarm portion of the RAM off the 
microprocessor bus during the entire update cycle. If the 
processor reads these RAM locations before the update is 
complete the output will be undefined. The update in pro- 
gress (UIP) status bit is set during the interval. 

A program which randomly accesses the time and date in- 
formation finds data unavailable statistically once every 4032 
attempts- Three methods of accommodating nonavailability 
during update are usable by the program. In discussing the 
three methods it is assumed that at random points user pro- 
grams are able to call a subroutine to obtain the time of day. 

The first method of avoiding the update cycle uses the 
update-ended interrupt. If enabled, an interrupt occurs after 
every update cycle which indicates that over 9SfS ms are 
available to read valid time and date information. During' this 
time a display could be updated or the information could be 
transfered to continuously available RAM. Before leaving the 
interrupt service routine, the IRQF bit in Register C should be 
cleared. 

The second method uses the update-in-progress bit (UIP) 
in Register A to determine if the update cycle is in progress 
or not. The UIP bit will pulse once-per-second. Statistically, 
the UIP bit will indicate that time and date information is 
unavailable once every 2032 attempts. After the UIP bit goes 
high, the update cycle begins 244 ^s later. Therefore, if a low 
is read on the UIP bit, the user has at least 244 /is before the 
time/ calendar data will be changed. It a "1" is read in the 
UIP bit. the time/ calendar data may not be valid. The user 
should avoid interrupt service routines that would cause the 



fifne needed to read valid tinro/calendar data to exceed 
344 /IS. 

The third method uses a periodic interrupt to determine if 
an update cycle is in progress. The UIP bit in Register A is set 
high between the setting of the PF bit on Register C (see 
Figure 16). Periodic interrupts that occur at intervals greater 
than tBUC + tUC allow valid time and date information to be 
read at each occurrence of the periodic interrupt. The reads 
should be completed within (Tp|-f-2) + tBuc 'o insure that 
data is not read during the update cycle. To properly set the 
internal counters for Daylight Savings Time operation, the 
user must set the time at least two seconds belore the 
rollover will occur. Likewise, the time must be set at least two 
seconds before the end of the 29th or 30th day of the month. 

REGISTERS 

The CDP681 8 has four registers which are accessible to the 
processor program. The four registers are also fully accessible 
during the update cycle. 
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bl 


bO 


UIP 


DV2 


DV1 


DVO 


RS3 


RS2 


RSI 


RSO 



Register 
except UIP 



. ,UIP — The update in progress (UIP) bit is a status flag that 
may be monitored by the program. When UIP is a "1" the 
update cycle is in progress or will soon begin. When UIP is a 
"0" the update cycle is not in progress and will not be for at 
least 244 lis (for all time bases). This is detailed in Table 6, 
Ttie time, calendar, and alarm information in RAM is fully 
available to the program when the UIP bit is zero — it is not 
in transition. The UIP bit is a read-only bit, and is not af- 
fected by Reset. Writing the SET bit in Register B to a "1" 
ihttWtS any ^m0yc}».m(S,t!n$ti^^'sS^s UIP status bit. 

TABLE 6 - UPDATE CYCLE TIDIES 



UIP Bit 


Time Base 
(0SC1I 


Update Cycle Time 

(tuci 


Minimurri Time 
Before Update 
Cycle (tBUC) 


1 


4,194304 MHz 


248 ;,S 




1 


1.048576 MHz 


248 /.s 




1 


32,768 kHz 


1984/18 







4,194304 MHz 




244 fis 





1 .048576 MHz 




244 /IS 





32,^ kHj 




244 /IS 



(0 

^< 

(D uj 
' X 
J 9: 
iij 
a. 



UIP bit in 
Register A . 



UF bit in 
Register C 



tpi 



PF bit in 
Register C . 



JllL 



tBiUC- 



m. 



tPI + 2 



im 



tpi-i-2 ^ 



JUL 



tp|= Periodic Interrupt Time Interval (500 ms. 250 (US 125 Ills, 62.#(tis;,*tcf.^)«T8|IW;8)' "' 
'UC = Update Cycle Time 1248 ,is or 1984 ;,s) 
tBUC^t'slay Time Before Update Cycle (244 ^sl 

Fig. 16 — Update-ended and periodic Interrupt relationships. 
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DV2, DV1, DVO - Three bits are used to permit the pro- 
gram to select various conditions of the 22-stage divider 
chain. The divider selection bits identify which of the three 
time-base frequencies is in use. Table 4 shows that time 
bases of 4.194304 MHz, 1.048576 MHz, and 32.768 y.Hz may 
be used. The divider selection bits are also used to reset the 
divider chain. When the time/ calendar is first initialized, the 
program may start the divider at the precise time stored in 
the RAM. When the divider reset is removed the first update 
cycle begins one-half s econdla ter. These three rea4/wrAe 
bits are not affected by HbSh I . 

RS3, RS2, RSI, RSO - The four rate selection bits select 
one of 15 taps on the 22-stage divider, or disable the divider 
output. The tape selected may be used to generate an output 
square wave (SQW pin) and/or a periodic interrupt. The pro- 
gram may do one of the following: 1) enable the interrupt 
with the PIE bit, 2) enable the SQW output pin with the 
SQWE bit, 3) enable both at the same t)hie at the same rate, 
or 4) enable neither. Table 5 lists the periodic interrupt rates 
and the square-wave frequencies that may be chosen With 
the RS bits. These fo ur bits are read/ write bits which are not 
affected by RESET, 

REGISTER B («0B> 



b7 


b6 


b5 


b4 


b3 


b2 


b1 


bO 


SET 


PIE 


AIE 


UIE 


SQWE 


DM 


24/12 


DSE 



Read/ Write 
Register 



SET — When the SET bit is a "0", the update cycle func- 
tions normally by advancing the counts once-per-second. 
When the SET bit is written to a "1", any update cycle in 
progress is aborted and the program may initialize the time 
and calendar bytes without an update occurring in the midst 
of i nitializin g. SET is read/write bit which is not modified 
but RESET or internal functions of the CDP6818. 

PIE — The periodic interrupt enable (PIE) bit is a read/ 
write bit which allows the periodic-interrupt flag (PF) bit in 
Register C to cause the IRQ pin to be driven low. A program 
writes a "1 " to the PIE bit in order to receive periodic inter- 
rupts at the rate specified by the RS3, RS2, RSI , and RSO bits 
in Register A. A zero in PIE blocks FRD from being initiated by 
a periodic interrupt, but the periodic flag (PF) bit is still set at 
the periodic rate. PIE Is not modified b y any inte rnal CDP681 8 
functions, but is cleared to "0" by a RESET. 

AIE — The alarm interrupt enable (AIEI bit is a read/write 
bit which when set to a "1" permits the alarm flag (AF) to 
assert IRQ. An alarm interrupt occurs for each second that 
the three time bytes equal the three alarm bytes (including a 
"don't care" alarm code of binary 11XXXXXX). When the 
AIE bit is a "0", the AF bit does not initiate an fRQ signal. 
The RESET pin clears AIE to "0". The internal functions do 
not affect the AIE bit. 

UIE - The UIE (update-ended interrupt enable) bit is a 
read/ write bit w hich en ables the update-end flage (UF) bit to 
assert IRQ. The RESET pin going low or the SET bit going 
high clears the UIE bit. 

SQWE — When ths^Breiwave enable (SQWE) bit is S#t 
to a "1" by the program, a square-wave si{^al at the fre^ 



quency specified in the rate selection bits (RS3 to RSO) ap- 
pears on the SQW pin. When the SQWE bit is set to a zero 
the SQW p in is held low. The state of SQWE is cleared by 
the RESET pin. SQWE is a read/write bit. 

DIVI - The data mode (DM) bit indicates whether time 
and calendar updates are to use binary or BCD formats. The 
DM bit is written by the processor program and may be read 
by the pro gram, but is not modified by any internal functions 
or RESET. A "1" in DM signifies binary data, while a "0" in 
DM specifies binary-coded-decimal (BCC^-'^tC, 

24/12 - The 24/12 oon»ol fait establishes the fomiat of 
the hours bytes as eith«i-tt» 24'hour mode (a "1") or the 
12-hour mode (a "0"). This is a read/write bit, which is af- 
fected only by the software. 

DSE — The daylight savings enable (DSE) bit is a 
read/write bit which allows the program to enable two 
special updates (when DSE is a "1"). On the last Sunday in 
April the time increments from 1:59:59 AM to 3:(X):(X) AM. 
On the last Sunday in October when the time fjist Feac^i)^ 
1:59:59 AM it changes to 1:00:00 AM. These spe^ updates 
do not occur wheri the DSE bjt is a" 0". DSE Is not changed 
by any internal op^ations or RESET, 

REGISTER C (MC) 



b? 


b6 


b5 


b4 


b3 


b 


bl 


bO 


IRQF 


PF 


AF 


UF 















Read-only 
Register 



IRQF - The interrupt request flag (IRQF) is set to a "1" 
when one or more of the following are true: 

PF = PIE = "1" 

AF= AIE="1" 

UF=UIE="1" 
i.e., IRQF=PF.PIE-t-AF.AIE-FUF.UIE 

Any time the IRQF bit is a "1", the IRQ pin is idnven lcwbin 
All flag bits are cle ared aft er Register C is read by the^^'- 
gram or when the RESET pin is low, 



PF - The periodic interrupt flag (PF) is a read-only bit 
which is set to a "1" when a particular edge is detected on 
the selected tap of the divider chain. The RS3 to RSO bits 
establish the periodic rate. PF is set to a "1" independent of 
the state of the PIE bit. PF being a "1" initiates an IRQ signal 
and sets the IRQF bi t when PIE is also a "1 ." The PF bit is 
cteire^ by a RE^T or a software read <]f ^^ister C. 

AF - A "1" in the AF (alami interrupt flag) bit indicates 
that the current time has matched the alarm timt» A "1" in 
the AF causes the (RQ pin to go low, and a "1" to appe ar in 
the IRQF bit, when the AIE bit also is a "1." A RESET or a 
read of Register C clears AF. 

UF — The update-ended interrupt flag (UFI bit is set after 
each update cycle. When the UIE bit is a "1", the "1" in UF 
causes the IRQF bit to be a "1", a sserting IRQ. UF is cleared 
by a Register C read or a RESET. 

'KS'TO BO - The unu»d bits of Status Regeter 1 are read 
as "O's". They can not be written. 
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REGISTER D ($0D) 



MSB LSB 



b7 


b6 


b5 


b4 


b3 


b2 


bl 


bO 


VRT 
























VRT - The valid RAM and time (VRT) bit indicates the 
condition of the contents of the RAM, provided the power 
sense (PS) pin is satisfactorily connected. A "0" appears in 
the VRT bit when the power-sense pin is low. The processor 
program can set the VRT bit when the time and calendar are 
initialized to indicate that the RAM and time are vali d. The 
VRT is a read/only bit which is not modified by the RESET 
pin. The VRT bit can only be set by reading Register D. 

b6 TO bO — The remaining bits of Register D are unused. 
They cannot be written, but are always read as "O's." 



TYPICAL INTERFACING 

The CDP6818 is best suited for use with microprocessors 
which generate an address-then-data multiplexed bus. Fig- 
ures 17 and 18 show typical interlaces to bus-compatible 
processors. These interfaces assume that the address decod- 
ing can be done quickly. However, if standard metal-gate 
CMOS gates are used the CE setup time may be violated. 
Figiire 1 9 Illustrates an alternative method of chip selection 
which will accommodate such slower decoding. 

The CDP681 8 can be interfaced to single-chip microcom- 
puters (MCU) by using eleven port lines as shown in Figure 20. 
Non-multiplexed bus midroprocessors ean be interfaced wi^ 
additional support. '' ' . . -.- 
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Fig. 17— COPSStS interfaced to CDP680SE2 compatible multiplexed bus microprocessors. 
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Fig. 18 — CDP6818 interfaced to competitor compatible multiplexed bus mieroprocessors. 



CDP6805E2 



0SC1 



Interrupt Request (IRQ) 



Read/Write (R/WI 






1 

i ' 


^* 


Address Strobe (AS) 




— ^ 






Data Strobe IDS) 







1 

















5 Non-Multlplexec 


Address 


5-7 


Non-multiplexed address y 



8 Multiplexed Address/Data 



DS 



Address 
□ecode 



RESET 



LI 



AI2 



DS CE AS R/W IRQ AD0-AD7 



CDP6818 



CKOUT CKFS 
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This illustrates the use of CMOS gating for address decoding. 

Fig. IB — CDPeSIB inteftacB to CDP^0BE2 CUOS multiplexed microprocessor yrith slow address decoding. 
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Fig. 20 — CDP6B18 interfaced with the ports of a typical single-chip microcomputer. 



There is one metinod of using the multiplexed bus CDP681 8 
with non-multiplexed bus processors. The interface uses 
available bus control signals to multiplex the address and data 
bus together. 

An example using either the 6800, 6802, 6808, or 6809 
microprocessor is shown in Figure 21 . 

Figure 22 illustrates the subroutines which may be used for 
data transfers In a non-multiplexed system. The subroutines 



should be entered with the registers containing the following 
data: 

Accumulator A; The address of the RTC to be accessed. 
Accumulator B: Wi:lte: The data to be written 

Read: The data read from the RTC 
The RTC is mf pped to two consecutive memory locations 
JFijp and RTC + 1 as shown in Figure 21. 
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Fig. 21 — GBPmtS Intmfaeecl with Motorola type processors 
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FIGURE 22 — SUBROUTINE FOR READING AND WRITING 
THE CDP6818 WITH A NON-MULTIPLEXED BUS 
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IMPORTANT APPLICATION NOTICE _ 

The CDP681 8 with a bottom brand code of 6RR requires a application of power down circuitry. It CE is grounded at all 



synchronization of the CTpin with address strobe. The follow- 
ing circuit will satisfy that condition and also shows a typical 



times (no power down required) the following circuit need not 
be used. 
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32.768 kHz 
^ 20 pF 
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NOTES: 

1 . All unused Inputs of the CD74HC373 must be grounded. 

2. If point @ equals 1 2 V point @ should be equal to 4.06 V. 
If point @ equals 1 V point @ should b© equal 

to 3.38 V «yith (c) set for 3.18 V. 
'Battery Backup Voltage 



CD74HC373 



5V 

(SEE NOTE 1) 



■fIZVOBBV 



(SEE NOTE 2) 



Fig. 23 — Typical Application Clicult 
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CMOS Real-Time Clock 
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Features 

• Low Power, High Speed CMOS 

• Internal Time Base and Oscillator 

• Counts Seconds, Minutes and Hours of the Day 

• Counts Days of the Week, Date, Month and Year 

• 3V to 6V Operation 

• Time Base Input Options: 4.194304MHz, 1.048576MHz or 
32.768kHz 

• Time Base Oscillator for Parallel Resonant Crystals 

• 40|jW to 200)iW Typical Operating Power at Low Frequency 
Time Base 

• 4.0mW to 20mW Typical Operating Power at High Frequency 
Time Base 

• Binary or BCD Representation of Time, Calendar and Alarm 

• 12 or 24 Hour aQsK:wltb AM «nd PM In Hour Mode 

• Daylight Savings Time Option 

• Automatic End of Month Recognition 

• Automatic Leap Year Compensation 

• Microprocessor Bus Compatible 

• Selectable Between Motorola and Competitor Bus Timing 

• Multiplexed Bus for Pin Efficiency 

• Interfaced With Software as 64 RAM Locations 

• 14 Bytes of Clock and Control Registwrs. 

• 50 Bytes of General Purpose RAM 

• Status Bit Indicates Data Integrity 

• Bus Compatible Interrupt Signals (IRQ) 

• Three Interrupts Are Separately Software MasKable and 
Testable | 

Time-of-Day Alarm, Once-Per-Second to Once-Per-^I^ 
► Periodic Rates From 30.5(js to 500ms 
►■ End-of-Clock Update Cycle 

• Programmable Square Wave Output Signal 

• Clock Output May Be Used as Microprocessor Clock Input at 
Time Base Frequency -i- 1 or -s- 4 



Description 

The CDP6818A Real-Time Clock plus RAM is a 
peripheral device which includes the unique 
MOTEL concept for use with various 
microprocessors, microcomputers and larger 
computers. This part combines three unique 
features: a complete time-of-day clock with alarm 
and one hundred year calendar, a programmable 
periodic Interrupt and square wave generator, and 
50 bytes of low power static RAM. The CDP681 8A 
usais high speed CMOS technology to interface 
with 1MHz (Hocessor buses, whfle consuming 
very litHe power. 

The Real-Time Clock plus RAM has two distinct 
uses. First, it is designed as a battery powered 
CMOS part (in an otherwise NMOS/TTL system) 
including all the common battery backed-up 
functions such as RAM, time and calendar. 
Secondly, the CDP6818A may be used with a 
CMOS microprocessor to relieve the software of 
the timekeeping workload and to extend the 
available RAM of an MPU such as the 
CDP6805E2. 

The GDP 681 8A is supplied in a 24 lead dual in 
line plastic package (E suffbc), in a 24 lead dual in 
line sidebrazed ceramk: package (D suffix) and in 
a 28 lead plastic chip carrier package (Q suffix). 
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Copyrieht 6 Hairls Corpentipn 1891 



File Number 2041.2 



OSCl - 
0SC2- 



Time Base 
Input/Osc 



AD0-AD7 



*32 



^32 



Periodic Interrupt/ Square Wave l^ate 
Selection 
(1oM5 Selector) 



1 Hz 




SQW 



IRQr 



... v I .VI . 



F/g. } - BlooH diBgram. 



User RAM 
150 BytesI 



MAXIMUM RATINGS (Voltages referenced to Vas) 

SUPPLY VOLTAGE, Voo -0.3 to +8.0 V 

ALL INPUT VOLTAGE. V,n Vb« -05 to Vdd +0.5 V 

CURRENT DRAIN PER PIN EXCLUDING Vod and Vss, I 10 mA 

OPERATING TEMPERATURE RANGE, T* = Tl to T„ 

CDP6818A 0to70°C 

STORAGE TEMPERATURE RANGE, T„ ^5 to tlSO-C 

THERMAL CHARACTERISTICS 

THERMAL RESISTANCE, Sia 

Plastic (E Suffix) ,. 120° C/W 

Ceramic (D Suffix) SCC/W 

Chip-Carrier (N suffix)* ,., , 80°C/W 

* Printed-clrcult board mount: 57 mm x57 mm minlmumarea x 1.6 mm thick QlOepoxygl^, dreiEtuivalent. ' 

Thisdevicecontainscircuitrytoprotecttheinputsagainst operation it is recommended that Vin and Vout be 

damage due to high static voltages or electrical fields; constrained to the range Vss S (VfN or Vout) < Voo. 

however, it is advised that normal precautions be taken to Reliabilityof operation is enhanced if unused inputs are tied 

avoid application of any voltage higher than maximum toanappropriatelogicvoltage level (e.g. .either Vss orVoo). 
rated voltages to this high-Impedance circuit. For proper 



CDP6818A 



DC ELECTRICAL CHARACTERISTICS (Vdd = 3 Vdc, Vss = Vdc, Ta = Tl to Tm Unim Otherwise Noted) 



CHARACTERISTIC 



LIMITS 



MIN. 



MAX. 



UNITS 



Frequency of Operation 



32.768 



32.768 



kHz 



Output Voltage 
Ilo«i<10M 



Vol 



0.1 



VOH 



Vdd-0.1 



Idd - Bus Idle 

CKOUT = foK. Cl = 15 pF; SOW Disabled, STBY = 0.2 V; Cl (OSC2) = 
W = 32.768 kHz 



10 pF 



50 



Ido - Quiescent 
W = DC; OSC1 = DC: All Other Inputs = 



Viiir0.2V: No Clock 



50 



Output l-iigh Voltage 

25 mA, All Outputs) 



VoH 



2.7 



Output Low Voltage 
(lLo.d = 0.25 mA, All Outputs) 



Vm. 



0.3 



In put Hi gh Voltage 
STBY, A D0-AD7, DS, AS, R/W, CS 
RESET, CKFS, PS, OSC1 
MOT 



2.1 
2.5 

VOD 



Vdd 
Vdd 
Vdd 



Input Low Voltage 



ViL 



STBY, AD0-AD7, DS, AS, R/W, CS, CKFS, PS, RESET, 0SC1 
MOT 



Vss 
Vss 



0.5 
Vss 



Input Current 

AS, DS, R/W 

MOT, OSC1 , CE. ST|Y. R6SET. CKFS, PS 



iln 



±10 
±1 



T hree -State Leakage 

TRQ, AD0-AD7 



Itsl 



±10 



-ab- 



ac ELECTRICAL CHARACTERISTICS (Vdd = 5 Vdc ± 10%, Vss = Vdc; Ta = Tl to Th Unless Otherwise Noted) 



CHARACTERISTIC 



LIMITS 



MIN. 



MAX. 



UNITS 



Frequency of Operation 



32.768 



4194.304 



kHz 



Output Voltage 
Ilcth < 10 ^A 



Vol 



0.1 



VoH 



Vdd-0.1 



Idd - Bus Idle (External Clock) 

CKOUT = tec, Cl = 15 pF; SQW Disabled, STBY = 
fee = 4.194304 MHz 
fee = 1.048516 MHz 

fo., = 32,768 kHz 



0.2 V; Cl(OSC2) = 10pF 



Iddi 

IdD2 
IdD3 



3 
800 
50 



mA 



)D - Quiescent 
fee = DC; OSCI 



I0D4 



DC: Ail Other Inputs = Vdd-0.2 V; No Clock 



50 



Output High Voltage 
{\ho«t = -1.6 mA, AD0-AD7, CKOUT) 
(lL.rt = -1.0tnA.SQW) 



VoH 



4.1 



Output Low Voltage 

{ko.6 = 1.5 mA, AD0-AD7, CKOUT) 
(Ilom = 1.0 mA, IRQ and SQW) 



Vol 



0.4 



In put Hi gh Voltage 
STBY, CFKS, AD0-AD7, DS, AS, R/W, CS, PS 
RESET 
OSCI 
MOT 



VlH 



Vdd-2.0 
Vdd-0.8 
Vdd-1 .0 
Vdd 



Vdd 
Vdd 
Vdd 
Vdd 



Input Low Voltage 



ViL 



CKFS, PS. RESET, STBY. AD0-AD7. DS. R/W.iG8, OSCI 

MOT 



Vss 
Vss 



0.8 
Vss 



Input Current 
AS, DS, R/W 



MOT, OSC1, CE, STBY. RESET. CKFS. PS 



±10 
±1 



T hree- State Leakage 
IRQ. AD0-AD7 



Itsl 



±10 



CDP6818A 



BUS TIMING 









VoD = 


3.0 V 


Vdd = 5.0V±10% 




IDENT. 
NO. 


CHARACTERISTIC 




50 pF LOAD 


1 TTL ft 130 pF LOAD 


UNITS 






MIN. 


MAX. 


MIN. 


MAX. 




1 


Cycle Time 


tcve 


5000 





953 


dc 


ns 


2 


Pulse Width, DS/E Low or RD/WR High 


PWel 


1000 





300 





ns 


3 


Pulse Width, DS/E High or RD/Wff Low 


PWeh 


1500 


_ 


325 


_ 


ns 


4 


Input Rise and Fall Time 


t„ tt 




100 




30 


ns 


8 


R/W Hold Time 


tfiWH 


10 





10 




ns 


13 


R/WSetup Time Before DS/E 


Irws 


200 





80 





ns 


14 


Chip Select Setup Time BefSre DS, iKIPl, orRD 


tcs 


200 


— 


25 


— 


ns 


15 


Chip Select Hold Time 


tcH 


10 









ns 


18 


Read Data Hold Time 


toHR 


10 


1000 


10 


100 


ns 


21 


Write Data Hold Time 


toHW 


100 









ns 


24 


Muxed Address Valid Time fo AS/ALE Fall 


twL 


200 





50 





ns 


25 


Muxed Address Hold Time 


tAHL 


100 




20 




ns 


26 


Delay Time DS/E to AS/ALE Rise 


tASD 


500 




50 




ns 


27 


Pulse Width, AS/ALE High 


PWash 


600 




135 




ns 


28 


Delay Time, AS/ALE to DS/E Rise 


tASED 


500 




60 




ns 


30 


Peripheral Output Data Delay Time from 
DS/E or RB" 


toDR 


1300 




20 


240 


ns 


31 


Peripheral Data Setup Time 


tosw 


1500 




200 




ns 


32 


STBY Setup Time Before AS/ ALE Rise 


tsBS 


20 




20 




ns 


33 


STBY Hold Time After AS/ALE Fall Imh 


100 




SO 




ns 



NOTE: Designations E, ALE, RD, and WR Refer to signals from alternative microprocessor signals. 




ADO- 
AD/ 
READ 



Note: VhigH = Vod-2.0 V, Vlow = 8 V, for Vdq = „._ . ^ ,„, 
VhigH = 2.0 V, VloW = 0-5 V, for Vdd = 3.0 V for outputs only. 

Fig. 2 - CDP9B1BA bus timing. 
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STBY 



AD0-AD7 
(Ad(l(«ss/Data Bus) 



Fig. 3 - Bus read timing competitor muitiplexea bus. 

G>- 



©— ► 



J. 




(g) 



vhigh 
Vlow 
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-<3> 
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Address 
Valid 



Write Data 
Valid 



Note: Vhigh = ^DD-2 V, VloW = 08V, forVDD=5.0V ±10% for putpyts only. 
Vhigh = 2.0 V, Vlow = 0-5 V, for Vdp = 3.0 V for outputs only. 

Ftg. 4 - Sua Mrrfts timing eemptUlor imMplmtad bua. 



m 
m uj 

A EC 
«» UJ 

O. 



SUSIE 



CI>FS8f8A 

TABLE 1 - SWITCHING GHAI1ACTEIU«TK» (Vm ° Vde, T« = Tl to Th) 



CHARACTERISTIC 


Vdo = 3AV<Ic 


VDD = 5.0Vde±10% 


UNITS 


MIN. 


MAX. 


MIN. 


MAX. 


Oscillator Startup 


tRC 




300 




100 


ms 


Reset Pulse Width 


tHWL 


25 




5 




tJS 


Reset Delay Time 


tfiLH 


25 




5 




fJS 


Power Sense Pulse Width 


tpWL 


25 




5 




fiS 


Power Sense Delay Time 


tpLH 


25 




5 




flS 


IRd Release from DS 


tiROS 




10 




2 


fJS 


IRQ Release from RESET 
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Q) The VRT bit is set to a "1" by reading Register d. The ViT bit can only be cleared by pulling the PS pin low Isee REGISTER D ($0D)). 



Fig. 8 - Conditions that dear VRT bit. 
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VdDi Vss 

DC power is provided to the part on these two pins Vdd 
being the more positive voitaga The minimum and maximum 
voltages are listed in the Electrical Characteristics tables. 

MOT - MOTEL 

The MOT pin offers flexibility when choosing bus types. 
When tied to Vdd. Harris timing is used. When tied to Vss. 
competitor timing is used. The MOT pin must be hardwired 
to the VoD or Vss supply and cannot be switched during 
operation of the CDP6818A. 

08C1, 08C2 - TliiM BaMi inpOta 

The time base for the time functions may be an external 
signal or the crystal oscillator. External square waves at 
4.194304 MHz. 1.048576 MHz, or 32.768 KHz may be 
connected to OSC1 as shown In Figure 9. The internal 
time-base frequency to be used is chosen In Register A. 

The on-chip oscillator Is designed for a parallel resonant AT 
cut crystal at 4.194304 MHz, 1.048576 MHz or 32.768 kHz 
frequencies. The crystal connections are shown In Figure 
10 and the crystal characteristics in Figure 1 1. 

CKOUT - Cteek Ou^ Oirt|Nit 

The CKOUT pin Is an output at the time-base frequency 
divided by 1 or 4. A major use for CKOUT is as the input 
clock to the microprocessor; thereby saving the cost of a 
second crystal. The frequency of CKOUT depends upon 
the time-base frequency and the state of the CKFS pin as 
shown in Table 2. 

CKFS - Clock Out Frequency Select, Input 

When the CKFS pin is tied to Vdd, it causes CKOUT to be the 
same frequency as the time bMe at the OSC1 pin. When 
CKFS is tied to Vss, CKOUT is the OSQ1 time-base 
frequency divided by fou r. Table ZwrnmarliM the effect of 
CKFS. 



TABLE 2 - CLOCK OUTPUT FREQUENCIES 



oy tne internal-divider stages. The frequency of 
the SQW may be altered by programming Register A, as 
shown in Table S. The SQW signal may be turned on and off 
usingihe SOWE bit in Register B. 



TIME 
BASE 
(0SC1) 
FREQUENCY 


CLOCK 
FREQUENCY 
SELECT PIN 

(CKFS) 


CLOCK 
FREQUENCY 
OUTPUT PIN 
(CKOUT) 


4.194304 MHz 


High 


4.194304 MHz 


4.194304 MHz 


Low 


1.048576 MHz 


1.048576 MHz 


High • 


1.048576 MHz 


1.048576 MHz 


Low 


262.144 KHz 


32.768 kHz 


High 


32.766 kHz 


32.768 KHz 


Low 


8.192 KHz 



AD0-AD7 - Multiplexad BidrncUonal Address/Data Bus 

Multiplexed bus processors save pins by presenting the 
address during the first portion of the bus cycle and using 
the same pins during the second portion for data. Address- 
then-data multiplexing does not slow the access time of the 
CDP6818A since the bus reversal from address to data Is 
occurring during the internal RAM access time. 

The address must be valid just prior to the fall of AS/ALE at 
which time the CDP6818A latches the address from ADO to 
ADS. Valid write data must be presented and held stable 
during the latter portion of the DS or WR pulses. In a read 
cycle, the CDP6818A outputs eight bits of data during the 
latter portion of the DS or RD pulses, then ceases driving 
the bus (returns the output drivers to the high-Impedance 
state) when DS falls in the 6800 type or RD rises in the other 
case. 

AS - Multiplexed Address Strobe, Input 

A positive going multiplexed address strobe pulse serves to 
demultiplex the bus. The falling edge of AS or ALE causes 
the address to be latched within the CDP6818A. 

DS - Data Strobe or Read, Input 

The DS pin has two interpretations via the MOTEL circuit. 
When emanating from a 6800 type processor, DS is a 
positive pulse during the latter portion of the bus cycle, and 
is variously called DS (data strobe), E (enable), and <p2 {<p2 
clock). During read cycles, DS signifies the time that the 
RTC Is to drive the bidirectional bus. In write cytdas, the 
trailing edge of DS causes the Real-Time Clock pu^RAM to 
latch the written data. 

The s econd MOT EL interpretation of DS Is that of RD, 
MEMR, or I/OR emanating from the competitor type 
processor. In this case, DS identifies the time period when 
the real-time clock plus RAM drives the bus with read data. 
This Interpretation of DS Is also the-same' as an output- 
enable signal on a typical memory. 

R/W - Read/Write, Input 

The MOTEL circuit treats the R/W pin in one of two ways. 
When a 6800 type processor is connected, R/W is a level 
which Indicates whether the current cycle is a read or write. 
A read cycle is indicated with a high level on R/W while DS is 
high, whereas a write cycle is a low on R/W during DS. 

The second interpre tation of R/ W Is as a negative write 
pulse, 'WR, MEMW, and l/OW from competitor Jype 
processors. The MOTEL circuit In th is mode gives R/W pin 
the same meaning aSittM write (W) pulse on many generic 
RAMS. 

CS - Chip Select, Input 

The chip-select (CS) signal must be asserted (low) for a bus 
cycle in which the CDP6818A is to be accessed. CS is not 
latched and must be stable du ring D S and AS (6800 type of 
MOTEL) and during R D an d WR. Bus cycles which take 
place without asserting CS c ause no actions to take place 
within the CDP6818A. When^Sls not used. It should b« 
grounded. (See Figure 20). 
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4.194304 MHz 
or 

1.048576 MHz 
or 

32J68 kHz 



Optional 



(Openl-i 



0SC2 



CDP8818A 



Fig. 9 - External f/ma-bua connection. 
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IRQ - Interrupt RcquMt, Output 

The IRQ pin Is an active low output of the CDP6818A that 
may be used as an Interrupt input to a processor. The IRQ 
output remains low as long as the status bit causing the 
interrupt is present and t he co rresponding interrupt-enable 
bit is set. To clear the IRQ pin, the pro cessor program 
normally reads Register C. The RESET |»in iglao cteara • 
pending interrupts. 

When no interrupt conditions are present, the IRQ level is in 
the high-impedance state. Multi ple Interrupting devices 
may thus be connected to an IRQ bus with one pullup at the 
processor. 

RESET - RESET, Input 



D1 



D2 



STBY-Stand-I>y 



System 
VdD ' 



The RESET pin does not aff ect the c locl<, calendar, or RAM 
functions. On powerup, the RESET pin must be held low for 
the specified time, tRLH, in order tM^w^ie power supply to 
stabilize . Figure 12 shows a typical tepresailMMen oMMr 

RESET pin circuit. 

When RESET is low the following occurs: 

a) Periodic Interrupt Enable (PIE) bit Is cleared to zero, 

b) Alarm Interrupt Enable (AIE) bit is cleared to zero, 

c) Alarm Interrupt Enable (AIE) bit is cleared to zero, 

d) Update ended Interrupt Flag (UF) bit is cleared to zero, 

e) Interrupt Request status Flag (IRQF) bit Is cleared to 
zero, 

f) Periodic Interrupt Flag (PF) bit is cleared to zero, 

g) The part is not accessible. 

h) Alarm Interrupt Flag (AF) bit Is cleared to zero, 
I) IRQ pin is in high-impedance state, and 

j) Square Wave output Enaj>le (SQWE) bit is cleared to 



The STBY pin, when active, prevents access to the 
CDP6818A making it Ideal for battery back-up applications. 
Stand-by operation incorporates a transparent latch. After 
data strobe (DS) goes low (RD or WR rises), STBfV Is 
recognized as a valid signal. 



The STBY signal is totally asynchronous. Its transparent 
latch Is opened by the failing edge of DS (rising edge of RD 
or WR) and cjocked by the rising edge of AS (ALE). 
Therefore, for STBY to be recognized, DS and AS should 
occur in pairs. When ST BY g oes low before the falling edge 
of DS (rising edge of WR or RD), the current cycle is 
completed at that edge and the n«n» iijn:4riiimnil3rt38 
executed. 

PS - Power Sense, Input 

The power-sense pin is used in the control of the valid RAM 
and time (VRT) bitin RegisterO. WhertthePS^plrilslOwthe 
WRT bit is cleared to zero. 

When using the VRT feature during powerup, the PS pin 
must be externally held low for the specified tpLH time. As 
power is applied, the VRT bit remains low indicatingithat the 
contents of the RAM, time registers, and calendar are not 
guaranteed. PS must go high after powerup. to allow the 
VRT bit to be set by a read of register D. - 
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Note: If the RTC is isolated from the MPU or MCU power by i 
diode drop, care must be taken to meet Vip requirements. 



Fig. 12 - Typical power-up delay circuit for reaet. 
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Fig. 13 - Typical power-up delay circuit tor power sense. 
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Pewer^Down Considerations 

In most systems, the CDP6818A must continue to Iteeptlme 
When system power Is removed. In such systems, a 
conversion from system power to an alternate power 

supply, usually a battery, must be made. During the 
transition from system to battery power, the designer of a 
battery backed-up RTC system must protect data integrity, 
minimize power eonsumptton, and ensure hardware 

reiiabiiity. 



The stand-by (S TBY) p in controls all bus inputs (R/W, DS, 
AS, AD0-AD7) STBY, when negated, disallows^any 
unintended modification of the RTC data by the bus. Sf BY 
also reduces power consumption by reducing the number 
of transitions seen internaliy. 

Power consumption may be further reduced by removing 
resistive and capacitive loads from the clock out (CKOUT) 
pin and the squarewave (SOW) pin. 

During and after the power source conversion, the Vin 
maximum specification must never be exceeded. Failure to 
meet the Vin maximum specification can cause a virtual 
SCR to appear which may result in excessive current drain 
and destruction of the part. 

AddraMMap 

Rgure 14 shows the address map of the CDP6818A. The 
memory consists of SO general purpose RAM ttytes, 1 RAM 
bytes which normally contain the time. Calendar, and alarm 

data, and four control and status bytes. All 64 bytes are 
directly readable and writable by the processor program 
except for the following: 1) Registers C and D are read only, 
2) bit 7 of Register A is read only, and 3) the high-order bit of 
the seconds byte is read only. The contents of four control 
and status registers (A, B, C, and D) are described in 
REGISTERS. 



Time, Calendar, and Alarm Locations 

The processor program obtains time and calendar 
information by reading the appropriate locations. The 
program may initialize the time, calendar, and alarm by 
writi ng to these RAM locations. The contents of the 1 time, 



calendar, andnUim bytw may tWi«4thsrMMry or binary- 
coded decimal (BCD). 

Before initializing the internal registers, the SET bit in 
Register B should be set to a "1" to prevent time/calendar 
updates from occuring. The program initializes the 10 
locations In the selected format (binary or BCD), then 
indicates the format In thedata mode (DM) bit of Register B. 
All 10 time, calendar, and alarm bytes must use the same 
data mode, either binary or BCD. The SET bit may now be 
cleared to allow updates. Once Initialized the real-time 
clock makes all updates in the selected data mode. The data 
mode cannot be changed without reinitializing the 10 data 
bytes. 

Table 3 shows the binary and BCD formats of the 10 time, 
calendar, and alarm locations. The 24/12 bit in Register B 
establishes whether the hour locations represent 1-to-1 2 or 
O-to-23. The 24/12 bit cannot be changed without 
reinitializing the hour locations. When the 1 2-hour format is 
selected the high-order bit of the hours byte represent PM 
when it is a "1"'. 

The time, calendar, and alarm bytes are not always 
accessible by the processor program. Once per second the 
10 bytes are switched to the update logic to be advanced by 
one second and to check for an alarm condition. If any of 
the 10 bytes are read at this time, the data outputs are 
undefined. The update lockout time is 248 //sat the 4.1 94304 
MHz and 1.048567 MHz time bases and 1948 fjs for the 
32.768 kHz time base. The Update Cycle section shows how 
to accommodate the update cyclein the processor program. 

The three alarm bytes may be used in two ways. First, when 
the program inserts an alarm time in the appropriate hours, 
minutes, and seconds alarm locations, the alarm interrupt is 
initiated at the specified time each day if the alarm enable 
bit is high. The second usage is to insert a "don't care" state 
in one or more of three alarm bytes. The "don't care" code is 
any hexadecimal byte from CO to FF. That Is, the two most- 
significant bits of each byte, when set to "1 ", create a"don't 
care"sltuatlon. An alarm Interrupt each hour Is created with 
a "don't care" code In the hours alarm location. Similarly, an 
alarm is generated every minute with "don't care" codes in 
the hoursand minutes alarm bytes. The "don't care" codes 
In all three alarm bytes create an interrupt every second. 
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Fig. 14- Address map. 
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TABLE 3 TiMe, CM.ENDAI(«'AM> ftWRmi'llWTA MODES 









RANGE 


EXAMPLE* 


ADDRESS 




DECIMAL 










rUN\*TI(JN 










LOCATION 


RANQE 


BINARY 


BCD 


BINARY 


BCD 








DATA MODE 


DATA MODE 


DATE MODE 


DATA MODE 





Seconds 


0-59 






15 


21 


1 


Seconds Alarm 


0-59 


$00-$3B 


$00-$59 


15 


21 


2 


Minutes 


0-69 






OM 


OO 


3 


Minutes Alarm 


0-59 


$00-$3B 


$00-$59 


3A 


58 


A 


Hours 
(12 Hour Mode) 


1-12 


$01-J0C (AM) and 
$81-$8C (PM) 


$0i-$12 (AM) and 
$81 -$92 (PM) 


05 


05 




Hours 

(24 Hour Mode) 


0-23 


$00-$ 17 


$00-$23 


05 


05 




Hours Alarm 


1-12 


$01-$0C (AM) and 


$01 -$12 (AM) and 


OS 


05 




(12 Hour Mode) 


$81-$8C (PM) 


$81-$92 (PM) 




Hours Alarm 
(24 Hour Mode) 


0-23 


$00-$17 


$00-23 


05 


05 


6 


Day of the Week 
Sunday = 1 


1-7 


$01-$07 


$01 -$07 


05 


05 


7 


Date of the Month 


1-31 


$01-$1F 


$01-$31 


OF 


15 


8 


Month 


1-12 


$01-$0C 


$01 -$12 


02 


02 


9 


Year 


0-99 


$00-$63 


$00-$99 


4F 


79 



* Example: 5:S8:21 Thursday 15 February 1979 (time is AM) 
Static CMOS RAM 

The 50 general purpose RAM bytes are not dedicated within 
the CDP6818A. They can be used by the processor program, 
and are fully available during the update cycle. 

When time and calendar Information must use battery back- 
up very frequently there is other non-volatile data that must 
be retained when main power is removed. The 50 user RAM 
bytes serve the need for low-power CMOS battery-backed 
storegei and extend the RAM available to the program. 

When further CMOS RAM is needed, additional CDP6818As 
may be Included in the system. The time/calendar functions 
may be disabled by holding the DV0-D\/2 dividers, In 
Register A, in the reset state by setting the SET bit in 
Register B or by removing the oscillator. Holding the 
dividers in reset prevents interrupts or SOW output from 
operat i ng v^h lie setti ng the SET bit allows these functions to 
occur. With the dividers clear, the available user RAM is 
extended to 59 bytes. The high-order bit of the seconds 
byte, bit 7 or Register A, and all bits of Register C and D 
cannot eff^vely be used as general purpose RAM. 

Interrupts 

The RTC plus RAM includes three separate fully automatic 
sources of interrupts to the processor. The alarm interrupt 
may be programmed to occur at rates from once-per- 
second to one-a-day. The periodic interrupt may be selected 
for rates from half-a-second to 30.517 //s. The update- 
ended interrupt maybe used to indicate to the program that 
an update cycle is completed. Each of these independent 
Interrupt conditions are described in greater detail in other 
sections. 

The processor program selects which interrupts, if any, It 
wishes to receive. Three bits in Register B enable the three 
interrupts. Writing a "1" to a interrupt-enable bit permits 



that interrupt to be initiated when the event occurs. A "0" in 
the interrupt-enable bit prohibits the IRQ pin from being 
asserted due to the interrupt cause. 

If an interrupt flag is already set when the interrupt becomes 
enabled, the IRQ pin is immediately activiated, though the 
interrupt initiating the event may have occurred much 
earlier. Thus, there are cases where the program should 
clear such earlier initiated interrupts before first enabling 
new interrupts. 

When an interrupt event occurs, a flag bit is set to a "1" in 
Register C. Each of the three interrupt sources have 
separate flag bits in Register C, which are set independent 
of the state of the corresponding enable bi^ in Rtgiatv B. 
The flag bit may be used with or without enibfing the 
corresponding enable bits. 

In the software scanned case, the program does not enable 
the interrupt. The "interrupt" flag bit becomes a status bit, 
which the software interrogates, when it wishes. When the 
software detects that the flag is set, it Is an Indieation to 
software that the "interrupt" event occurred since the bit 
was last read. 

However, there is one precaution. The flag bits in Register C 
are cleared (record of the interrupt event is erased) when 
Register C is read. Double latching Is Included with Register 
so the bits which are set are stable throughout the read 
cycle. All bits which are high when read by the program are 
cleared, and new interrupts (on any bits) are held after the 
read cycle. One, two or three flag bits may be found to be set 
when Register C Is used. The program should Inspect all 
utilized flag bits every time Register C is read to tMKire titat 
no interrupts are lost. 

The second flag bit usage method is with fully enabled 
interrupts. When an interrupt-flag bit is set and the 



corresponding interrupt-enable bit is also set, the IRQ pin is 
asserted low. IRQ is asserted as long as at least one of the 
th ree Interrupt sources has its flag and enables bit sbo th set. 
The IRQF bit |n Register Q js a "1" whenever the [R?5 pin Is 
being driven loW. 

The processor program can determine that the RTC initiated 
the interrupt by reading Register C. A "1" in bit 7 (IRQF bit) 
indicates that one or more interrupts have been initiated by 
the part. The act of reading Register C clears all the then- 
active flag bits, plus the IRQF bit. When the program finds 
IRQF set, it should lool< at each of the Individual flag bits in 
the same byte which have the corresponding Interrupt- 
mask bits set and service each interrupt which is set. Again, 
more than one interrupt-flag bit may be set. 

Divider Stages 

The CDP6818A has 22 binary-divider stages following the 
time base as shown in Figure 1. The output of the dividers is 
a 1 Hz signal to the update-cycle logic. The dividers are 
controlled by three divider bits (DV2, DV1, and DVO) in 
Register A. 

Divider Control 

The divider-control bits have three uses, as shown in Table 
4. Three usable operating time bases may be selected 
(4.194304 MHz, 1 .048576 MHz, or 32.768 kHz). The divider 
chain may be held at reset, which allows precision setting of 
the time, when the divider is changed from reset to an 
operating time base, the first update cycle is one-half 
second later. The divider-control bits are also used to 
facilitate testing the CDP6818A. 

Square-Wave Output Selection 

Fifteen of the 22 divider taps are made available to a 1-of-1 5 
selector as shown in Figure 1. The first purpose of selecting 
a divider tap is to generate a square-wave output signal at 
the SQW pin. The RS0-RS3 bits in Register A establish the 
square-wave frequency as listed in Table 5. The SQW 
frequency selection shares the 1 -of-1 Sseleetor with periodic 
interrupts. 

Once the frequency is selected, the output of the SQW pin 
may be turned on and off under program control with the 
square-wave output selection bits, or the SQWE output- 
enable bit may generate an asymmetrical waveform at the 
time of execution. The square-wave output pin has a 
number of potential uses. For example. It can serve as a 
frequency standard for externai use, a frequency 
synthesizer, or could be used to generate one or tnore audio 
tones under program control. 

Periodic interrupt Selection 

The periodic interrupt allows the IRQ pin to be triggered 
from once every 500 ms to once every 30.517 ^s. The 
periodic interrupt is separate from the alarm interrupt which 
may be output from once per second to once per day. 

Table 5 shows that the periodic Interrupt rate is selected 
with the same Register A bits which select the square-wave 
frequency. Changing one also changes the other. But each 
function may be separately enabled so that a program could 
switch between the two features or use both. The SQW pin 
Is enabled by the SQWE bit in Register B. Similarly the 
periodic interrupt is enabled by the PIE bit In Register B. 

Periodic interrupt is usable by practically all real-time 
systems. It can be used to scan for all forms of inputs from 
contact closures to serial receive bits or bytes. It can be 
used in multiplexing displays or with software counters to 
measure inputs, create output Intervals, or await the next 
needed software function. 



Update Cycle 

ThiBCDP6818A executes an update cycle once per second, 
assuming one of the proper time bases is In place, the 
DV0-DV2 divider is not clear, and the SET bit in Register B is 
clear. The SET bit in the "1" state permits the program to 
initialize the time and calendar bytes by stopping an 
existing update and preventing a new one from occurring. 

The primary function of the update cycle is to increment the 
second byte, check for overflow. Increment the minutes 
byte when appropriate and so forth through to the year of 
the century byte. The update cycle also compares each 
alarm byte with the corresponding time byte and issues an 
alarm if a match or If a "don't care" code (11XXXXXX) Is 
present in all three positions. 

With a 4.1 94304 MHz or 1 .048576 MHz time base the update 
cycle takes 248 fts while a 32.768 kHz time base update 
cycle takes 1984 ^is. During the update cycle, the time, 
calendar, and alarm bytes are not accessible by the 
processor program. The CDP6818A protects the program 
from reading transitional data. This protection is provided 
by switching the time, calendar, and alarm portion of the 
RAM off the microprocessor bus during the entire update 
cycle. If the processor reads these RAM locations before 
the.upd8te is complete, the output Will be undefined. The 
upNsl«tttirtipr^resSitUIP) StatusM is set dttring the Interval. 

A program which randomly accesses the time and date 
information finds data unavailable statistically once every 
4032 attempts. Three methods of accommodating 
nonavailability during update are usable by the program. In 
discussing the three methods, it is assumed that at random 
points user programs are able to call s subroutine to obtain 
the time of day. 

The first method of avoiding the update cycle uses the 
update-ended interrupt. If enabled, an interrupt occurs 
after every update cycle which indicates that over 999 ms 
are available to read valid time and date information. During 
this time a display could be updated or the information 
could be transferred to continuously available RAM. Before 
leaving the Interrupt service routine, the IRQF bit in Register 
C should be cleared. 

The second method uses the update-in-progress bit (DIP) 
in Register A to determine if the update cycle is in progress 
or not. The UIP bit will pulse once per second. Statistically, 
the UIP bit will indicate that time and date information is 
unavailable once every 2032 attempts. After the UIP bit goes 
high, the update cycle begins 244 ^is later. Therefore, if a 
low is read on the UIP bit, the user has at least 244 /ys before 
the time/calendar data will be changed. If a"1" is read In the 
UIP bit, the time/calendar data may not be valid. The user 
should avoid interrupt service routines that would cause the 
time needed to reach valid time/calendar data to exceed 
244 IIS. 

The third method uses a periodic interrupt to determine if 
an update cycle is in progress. The UIP bit in Register A is 
set high between the setting of the PF bit In Register C (see 
Figure 15). Periodic interrupts that occur at a rate of greater 
than tsuc + tuc allow valid time and date information to be 
read at each occurrence of the periodic interrupt. The reads 
should be completed within (Tpi -h 2) + teuc to ensure that 
data is not read during the update cycle. 

To properly setup the internal counters for day I ight savings 
time operation, the user must set the time at least two 
seconds before the rollover will occur. Likewise, the time 
must be set at least two seconds before the end of the 29th 
or 30th day of the month. . 
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CDP6818A 



TABLE 4 ■ DIVIDER CONFIGURATIONS 



TIME-BASE 
FREQUENCY 


DIVIDER BITS 
REGISTER A 


OPERATION 
MODE 


DIVIDER 
REMIT 


BYPASS FIRST 
N-DiVIOER BITS 


DV2 


DV1 


DVO 


4.194304 MHz 











Yes 




N = 


1.048576 MHz 








1 


Yes 




N = 2 


32.768 kHz 





1 





Yes 




N = 7 


Arty 


1 


1 





No 


Yes 




Any 


1 


1 


1 


No 


Yes 





Note: Other combinations of divider bits are used for test purposes only. 

TABUE 5 - PERIODIC INTERRUPT RATE AND SQUARE WAVE OUTPUT FREQUENCY 





SELECT BITS 




4.194304 or 1.048576 MHz 


32.768 kHz 




REGISTER A 




TIME BASE 


TIME BASE 










PERIODIC 


SOW 


PERIODIC 


SOW 


RS3 


RS2 


RS1 


RSO 


INTERRUPT RATE 


OUTPUT 


INTERRUPT RATE 


OUTPUT 










tp, 


FREQUENCY 


tpi 


FREOUENCY 














None 


None 


None 


None 











1 


30.51 7 


32.768 kHz 


3.90625 ms 


256 Hz 








1 





61.035 /iS 


16.384 kHz 


7.8125 ms 


128 Hz 








1 


1 


122.070 /.s 


8.192 kHz 


122.070 A« 


8.192 kHz 





1 








244.141 /iS 


4.096 kHz 


244.141 fJS 


4.096 kHz 





1 





1 


488.2B1 f/s 


2.048 kHz 


488.281 tJS 


2.048 kHz 





1 


1 





976.562 IJS 


1.024 kHz 


976.562 AS 


1 .024 kHz 





1 


1 


1 


1.953125 ms 


512 Hz 


1.953125 ms 


512 Hz 













3.90625 ms 


256 Hz 


3.90625 ms 


256 Hz 










1 


7.8125 ms 


128 Hz 


7.8125 ms 


128 Hz 







1 





15.625 ms 


64 Hz 


15.625 ms 


64 Hz 







1 


1 


31.25 ms 


32 Hz 


31.25 ms 


32 Hz 




1 








62.5 ms 


16 Hz 


62.5 ms 


16 Hz 




1 





1 


125 ms 


8 Hz 


125 ms 


8 Hz 




1 


1 





250 ms 


4 Hz 


250 ms 






1 


1 


1 


500 nos 


2 Hz 


500 ms 


2 Hz 



UIP bit in 



Register A 





i 




'BUC-> 


**- 'uc 

nmiL 




<— 1PI*2 —J 

|< ipi*2 

im fill 


[< 'PI »- 

nil 



tpi = Periodic Interrupt Time Interval 1500 ms. 250 ms, 125 ms. 62.5 ms, etc. per Tabled) 
t)^|C= Uttc^ Cvcte Time (248 or 1984 fe> 

tBUC ' May time Before Uptiste Cyde (244 us) nc»427i» 
Fig. IB - UptMe-endM and pHoiim iMwmpl mUMoMlt^ 
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REGISTERS 

The CDP6818A has four registers which are accessible to 
the processor program. The four registers are also fully 
accessible during the update cycle. 



REGISTER B ($0B) 
MSB 



LSB 



RIGiSTER A ($QA) 

MSB 



LSB 



b7 


b6 


b5 


64 


b3 


b2 


b1 


bO 


UIP 


DV2 


DV1 


DVO 


RS3 


RS2 


RSI 


RSO 



Read/ 

Write 
Register 
except 
UIP 



UIP 

The update in progress (UIP) bit is a status flag that may be 
monitored by the program. When UIP is a "1", the update 
cycle is in progress or will soon begin. When UIP is a "0", the 
update cycle is not in progress and will not be for at least 
244 ii& (for all time bases). This is detailed In Table 6. The 
time, calendar, and alarm intprmatloD io RAM is fully 
available to the program when tHe UlP'bit'is zero — It Is not 
In transition. The UIP bit is read-only bit, and Is not affected 
by Reset. Writing the SET bit In Register B to a "1" inhibits 
any update cycle and then clears the UIP status bit. 

TABLE 6 - UPDATE CYCLE TIMES 



UiP 
BIT 


TIME 
BASE 
(OSC1) 


UPDATE 
CYCLE 
TIME 

(luc) 


MINIMUM TIME 

BEFORE 
UPDATE-CYCLE 


1 


4.194304 MHz 


248 




1 


1.048576 MHz 


248^ 




1 


32.768 kHz 


1984 /iS 







4.194304 MHz 




244 /IS 





1.048576 MHz 




244 /iS 





32.768 kHz 




244 IS 



DV2, DV1, DVO 

Three bits are used to permit the program to select various 
conditions of the 22-stage divider chain. The divider 
selection bits Identify which of the three time-base 
frequencies is In use. Table 4 shows that time bases of 
4.194304 MHz, 1 .048576 MHz, and 32.768 kHz may be used. 
The divider selection bits are also used to reset the divider 
chain. When the time/calendar is first initialized, the program 
may start the divider at the precise time stored in the RAM. 
When the divider reset Is removed, the first update cycle 
begins one-half se cond la ter. These three read/write bits 
are not affected by RESET. 

RS3, RS2, RSI, RSO 

The foiir rate selection bits select one of 15 tapes on the 
22-stage divider, or disable the divider output. The tap 
selected may be used to generate an output square wave 
(SQW pin) and/or a periodic interrupt. The program may do 
one of the following: 1) enable the Interrupt with thePIEbIt, 
2) enable the SQW output pin with theSQWE bit, 3) enable 
both at the same time at the same rate, or 4) enable neither 
Table 5 lists the periodic interrupt rates and the square- 
wave frequencies that may be <^08en with the RS bits. 
These f ou r bita are read/write bite which are not affected by 
RESET. 



b7 


b6 


bS 


b4 


b3 


b2 


b1 


bO 


SET 


PIE 


AIE 


UIE 


SQWE 


DM 


24/12 


DSE 



Read/ 

Write 
Register 



SET 

When the SET bit is a "0", the update cycle functions 
normally by advancing the counts once-per-second. When 
theSET bit is written to a "1 ", any update cycle in progress is 
aborted and the program may initalize the time and calendar 
bytes without an update occurring in the midst of initalizi ng. 
SET is a read/write bit which is not modified by RESET or 
internal functions of the CDP6818A. 

PIE 

The periodic interrupt enable (PIE) bit is a read/write bit 
which allows the periodic-interrupt flag (PF) bit in Register 
C to cause the IRQ pin to be driven low. A program writes a 
"1 " to the PI E bit In order to receive periodic Interrupts at the 
rate specified by the RS3, R S2, R SI, and RSO bits In 
Register A. Azero in PIE blocks IRQ from being initiated by 
a periodic interrupt, but the periodic flag (PF) bit is still set 
at the periodic rate. PIE is not modified by an inte rnal 
CDP6818A functions, butia cleared to "0" by a RESET. 

AIE 

The alarm Interrupt enable (AIE) bit is a read/write bit which 
when set to a "1 " permits the alarm flag (AF) bit in Register C 
to assert IRQ. An alarm interrupt occurs for each second 
that the three times bytes equal the three alarm bytes 
(including a "don't care" alarm code by binary 11XXX XX). 
When the AI E bit is a "0", the AF bit does not initiate an IRQ 
signal. The RESET pin clears Ali to 'tT. The internal 
functions do not affect the AIE bit, 

UIE 

The UIE (update-ended interrupt enable) bit is a read/write 
bit which enattlea ftejigd ate-end flag (UP) bit in Register C 
to assert IRS. The RESET pin ( 
high clears the UIE bit. 

SQWE 

When the square-wave enable (SQWE) bit is set to a "1 " by 
the program, a square-wave signal at the frequency specif led 
In the rate selection bits (RS3 to RSO) appears on the SQW 
pin. When the SQWE bit is set to a zero t he SQW pin is held 
low. The state of SQWE is cleared by the RESET pin. SQWE 
Is a read/wrtte bit 

DM 

The data mode (DM) bit indicates whether time and calendar 
updates are to use binary or BCD formats. The DM bit is 
written by the processor program and may be read by the 
program , but is not modified by any Internal functions or 
RESET. A "1" in DM signifies binary data, whilea "0" in DM 
specifies binary-coded-decimal (BCD) data. 

24/12 

The 24/12 control bit establishes the format of the hours 
bytes as either the 24-hour mode (a "1") or the 12-hour 
mode (a "0"). This is a read/write bit, which is affected only 
by softwara 



1 going low or the SET bit going 



(0 
a III 

u 

*** III 
a. 
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, u I /. uie lasi ounaay jn April the time 

increments from 1:59:59 AM to 3:00:00 AM. On the last 
Sunday in October when the time first reaches 1 :59:59 AM it 
changes to 1 :00:00 AM. These spiBOiatupdatfsdo potO(»ur 
when the OSE bit is a "0". DSE Mt eMangaii^ l>y kny 
internal operations or reset. 

REGISTER C ($0C) 



MSB LSB 



b7 


b6 


b5 


b4 


b3 


b2 


b1 


bO 


IRQF 


PF 


AF 


UF 















Read- 
only 
Register 



IRQF 

The interrupt request flag (IRQF) issettoa"1"whenoneor 
more of the following are true: 

PF=PIE="1" 
AF=AIE="1" 
UF=UIE="1" 
I.e., IRQF = PF»PIE+AF»AIE+UF»UIE 

Anytime the IRQF bit is a "1", the IRQ pin Is driven low. All 
flag bits are cl eared after Register C is read by the program 
or when the RESET pin is low. 

PF 

The periodic Interrupt flag (PF) is a read-only bit which Is 
set to a "1" when a particular edge is detected on the 
selected tap of the divider chain. The RS3 to RSO bits 
establish the periodic rate. PF is set to a "1" independent of 
the state of the PIE bit. PF being a "1" initiates anTRQ signal 
and sets the IRQF bit when PIE is also a "1". The PF bit is 
cleared by a RESET or a software read of Register C. 

AF 

A "1" In the AF (alarm Interrupt flag) bit indicates that the 
current ti me ha s matched the atairm time. A "1" in the AF 
causes the I RQ pin to go low, and a"1 " to appea r in the IRQF 
bit, when the AIE bit also is a "1". A RESET or a read Of 
Register C clears AF. 

UF 

The update-ended interrupt flag (UF) bit is set after each 
update cycle. When the UIE bit is a 'T\ the "1 " in UF causes 
the IRQF bit to be a "t", ass erting IRQ. UF te.c)|»«^ by a 
Register C read or a RESET. 

b3tob0 

The unused bits of Status Register 1 are rea(| as "O's". They 
can not be written. 



b7 


b6 


b5 


b4 


b3 


b2 


bl 


bO 


VRT 
























VRT 

The valid RAM and time (VRT) bit indicates the condition of 
the contents of the RAM, provided the power sense (PS) pin 
Is satisfactorily connected. A "0" appears in the VRT bit 
when the power-sense pin is low. The processor program 
can set the VRT bit when the time and calendar are 
Initialized to indicate that the RAM and time are va lid. The 
VRT is a read only bit which is not modified by the RESET 
pin. The VRT bit can only be set by reading Register 0. 

betoM 

The remaining bits of Register D are unused. They cannot 
be written, but are always read as "O's." 

TYPICAL INTERFACING 

The CDP681 8A la best suited for use with microprocessors 
which generate an address-then-data multiplexed bus. 
Figures 16 and 17 show typical interfaces to bus-compatible 
processors. These interfaces assume that the address 
decoding can be done quickly. However, if standard 
metalgate CMOS gates are used, the CS setup time may be 
violated. Figure 18 illustrates an alternative method of chip 
selection which will accommodate such slower decoding. 

The CDP6818A can be interfaced to single-chip 
microcomputers (MCU) by using eleven port lines as shown 
in Figure 19. Non-multiplexed bus microprocessors can be 
interfaced with additional support. 

There is one method of using the multiplexed busCDP6818A 
with non-multiplexed bus processors. The interface uses 
available bus control signals to multiplex the address and 
data bus together. 

An example using either the MC6800, MC6802, MC6808, or 
MC6809 microprocessor is shown in Figure 20. When the 
CDP6818A Is I/O mapped as shown in Figure 19 and 20, the 
AS and DS inputs should be left in a low state when the part 
is not being accessed. Refer to the STBY pin descrip tion tor 
the conditions which must be met before STBY can be 
recognized. 

Figure 21 illustrates the subroutines which may be used for 
data transfers in a non-multiplexed system. The subroutines 
should be entered with the regiaters contain IngittMi faUoMllns 
data: -r ■ r 

Accumulator A: The address of the RTC to be accessed. 
Accumulator B: Write: The data to be written. 
Read: The data read from the RTC. 

The RTC Is mapped to two consecutive memory locations 
— RTC and RTC + 1 as shown In Figure 20. 



COP680SE2 



8 Address/ Data Multiplexed 



Address Strobe 



Data Strobe IE) 



Read/Write (R/WI 



Interrupt Request (IRQ) 



8/5 Address 



Address 
Decode* 



'High-Speed Silicon- 
Gate CMOS or TTL 
Address Decoding 



RESET - 

vdd- 



Other 
Peripherals 
and 
Memory 



RESET 



MOT 

CKOUT CKFS 



1 ^ 

-J Vdd 



CDP8818A 

STBY SOW 



ZL 



4.1943M 
MHz (Typ) 



Power 
Failure 
Circtiit 



Fig. 16 - CDPeeiBA Interfaced with Motorola compatlbia 
muttlplaxad bus mteraprocMiora. 
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Fig. 17 - CDPeaiBA Intarlaoad with eompatltor eompatlbia 
multlplaxed bu» microprocamm. 




CDP6818A 



CDP680SE2 



OSCl 

"T" 



Inierrupi Request IIRQI 



Read/Write IR/W) 



Address Strobe lASI 



Data Strobe (DSI 



5 Non-Multiplexed Address 

LT 



^8 Multi 



plexed Address/ Data 



<7 



DS 



Address 
Decode 



5 7 Non multiplexed address 



RESET- 



Vdd * 



_L_i_ 



\7 



OS CS AS R/JIV_IBQ .ADQ.AD7 

copseisA 



MOT 

CKOUT CKFS 



This illustrates the use of CMOS gatiBS-jcMlMiess decoding. 



STBY 



sow 



vdo 



Power 
Failure 
Qrcuit 



I 1 4 194304 MHz 

' ' ITvp) 



mhroprocBamr with »tow adtlmaalng daeodlng. 

_ _ 4. 194304 MH7 (Typl 

.0- 



MC3870 




CDP6805 




8021 


1 




o 




Q- 



8 Address/ Data 



Address Strobe 



Read 


*■ 


Write 


» 



vss- 



CDP681SA 



MOT 



AD0-AD7 SOW 
STBY 



AS 
DS 
R/W 



CKFS 



CKOUT 



IRQ RESET PS 



\7 

Port 
Lines 



-Vdd 



Power 
Failure 
Circuit 



(See STBY 
DescripSin) 



'NOTE: CS can be controlled by a port pin lit available). 

92CS-42710 

Fig. 19 - CDPeaiBA Interfaced with the porta of A t^pleal iHn^le 
chip microcomputar. 



CDP6818A 





E 




AO 


MC6800, 


R/W 




Mceece, 




or 










.0O-D7 





N.C.N. 



Vdd" 



I . il! ■!■ ..i i.ll 



vss- 



4.194304 MHz ITyp) 



DS 



CDP6818A 



MOT 



AS 



AD0-AD7 



CS 



STBY 



Power 
Failure 
Circuil 



(See STBY 
Description! 



Fig. 20 - CDP6B18A Interfaced wMi Motorola Pnoessora. 
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READ 



WRITE 



STA 

LDAB 

RTS 

STA 
STAB 
RTS . 



RTC Generate AS and Latch Data from ACCA 

RTC + 1 Generate DS and Get Data 



RTC Generate AS and Latch Data from ACCA 

RTC + 1 Generate DS and Store Data 



(0 
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I- I 
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Fig. 21 - Subroutine for readmg ami wiping the CDPSBISA with a 
non-multiplexed bus. 
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CMOS Parallel Interface 



Features 

• 24 Individual Programmed I/O Pins 

• MOTEL Circuit for Bus Compatibility With Many 
Micro processors 

• Multiplexed Bus Compatible With CDP6805E2 and 
Competitive Microprocessors 

• Data Direction Registers for Ports A, B and C 

• Reset Input to Clear Interrupts and Initialize Internal 
Registers 

• Four Port C I/O Pins May Be Used as Control Lines 
»■ Four Interrupt inputo 

*■ Input Byte Latch 

*■ Output Pulsis 

*■ Handshaice Activity 

• 15 Registers Addressed as Memory Locations 

• Handshake Control Logic for input and Output Peripheral 
Operation 

• interrupt Output Pin 

• 3V to 5.SV Oparattng Vdo 



Description 

The CDP6823 CMOS parallel interface (CPI) provides a 
universal means of Interfacing external signals with the 
CDP6805E2 CMOS microprocessor and other multi- 
plexed bus microprocessors. The unique MOTEL circuit 
on chip allows direct interfacing to most industry CMOS 
microprocessors, as well as many NMOS MPUs. 

The CDP6823 CPi includes three bidirectional 8-bit 
ports or 24 I/O pins. Each i/0 line may be separately es- 
tablished as an input or an output under program control 
via data direction registers associated with each port. 
Using the bit change and test instructions of the 
CDP8805E2, each individual I/O pin can be separately 
accessed. All port registers are read/write bytes to 
accomodate read-modlfy-write instructions. 

The CDP6823 Is supplied in a 40 lead hermetic dual-in- 
line sidebrazed ceramic pacltage (D suffix), in a 40 leaid 
dual-in-line plastic package (E suffix) and in a 44'le9id 
plastic chip carrier package (Q suffix). 

Hiff ISD^^23 Is equivalent to and a direct rei>lace- 
ment for the bidu^ type MC146823. 
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MAXIMUM RATINGS (Voltages reference to VssI 



Ratings 


Symbol 


Value 


Unit 


Supply Voltage 


Vdd 


-0.3 to +8 


V 


All Input Voltages 


Vin 


Vss-O-S to Vdd+0.5 


V 


Current Drain per Pin Excluding 
Vqd and Vss 


1 


10 


mA 


Operating Temperature Range 


Ta 


-40 to +85 


°C 


Storage Temperature Range 


Tstg 


-55 to + 150 


°C 



THERMAL CHARACTERISTICS 



Characteristics 


Symbol 


Value 


Unit 


Thermal Resistance 
Ceramic Dual-ln-Llne 
Plastic Dual-ln-Line 
Plastic Chip-Carrier 




50 

100 
70 


°c/w 



This device contains circuitry to protect the 
Inputs against dannage due to high static 
voltages or electric fields; however, It Is 
advised that nornnal precautions be tal<en to 
avoid application of any voltage higher than 
maximum rated voltages to this high-im- 
pedance circuit. For proper operation it is 
recommended that Vm and Voui be con- 
strained to the range Vss s (Vm or Vout) s 
Vdd. Leakage currents are reduced and 
reliability of operation Is enhanced If unused 
Injsuls are tied to an appropriate logic 
vottage level (e.g., either Vss or Vdd). 



DC ELECTRICAL CHARACTERISTICS (Vdd = 5 Vdc ±10%, Vss = Vdc, Ta=0°C to 70°C, unless othenwise noted) 



Parameter 


Symbol 


Min 


Max 


Unit 


Output Voltage (iLogtjs 10 /lA) , 


Vol 




0.1 


V 




VOH 


Vdd-0.1 




V 


Output High Voltage 










tlLoad = -1-6 mA) AD0-AD7 


VOH 


4.1 


Vdd 




(lLoad= -0-2 mA) PA0-PA7, PC0-PC7 


VOH 


4.1 


Vdd 


V 


'lLoad=-0-36mA) PB0-PB7 


VOH 


4.1 


Vdd 




Output Low Voltage 










(lLoad=1-6 mAI AD0-AD7, PB0-PB7 


Vol 


Vss 


0.4 




llLoad = 0-8 mAI PA0-PA7, PC0-PC7 


Vol 


Vss 


0.4 


V 


llLoad=1 ™AI 


Vol 


Vss 


0.4 




Input High Voltage, AD0-AD7, AS, DS, R/W, CE, PA0-PA7, PB0-PB7, PC0-PC7 


V|H 


VdD-2.0 


Vdd 


V 


RESET 


V|H 


Vdd -0-8 


Vdd 




Input Low Voltage (All Inputs) 


V|L 


Vss 


0.8 


V 


Quiescent Current — No do Loads 










(All Ports Programmed as Inputs, All lriputs= Vqd - 0.2 V) 


Idd 




160 


fA 


Total Supply Current 










(All Ports Programmed as Inputs, CE=V|l, tcye=1 /ts) 


IDD 




3 


mA 


Input Current, CE, AS, R/W, DS, HE5ET 


lin 




±1 


»>A 


Hi-Z State Leakage, AD0-AD7, PA0-PA7, PeO-PB7, PCO-PC? 


IJSL 




±10 


cA 



0) 

CD uj 
I- X 

Si 



TIL Ecftiivatent 



Test 



Point 



Rl 



CMOS Equivalent 



Test Point o- 



Forali outputs except IRQ 
C = 50 pF; All Ports 
= 130 pF; AD0-AD7 
for Vdd = 5 V ±10% 



z±: C 



Vdd 



Pin 


Rl 


R2 


C 


AD0-AD7 


2.55k 


2k 


130 pF 


PA0-PA7, PC0-PC7 


l.k 


4.32k 


50 pF 


PB0-PB7 


TLBS 


2. Ik 


50 pF 



Test Point O- 



4.02 k 



90 pF 



Fig. a - Equlvahm iast lotHs. 
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BUS TIMING IVdd = 5 Vdc ± 10%, Vss = Vdc, Ta = 0° to 70°C, unless otherwise noted) 



Idem. 
Number 


Characterntics 


Symbol 


Min 


Max 


Unit 


1 


Cycle Time 


^cyc 


1000 


dc 


ns 


2 


Pulse Width. DS/E Low or RD/WR High 


PWel 


300 




ns 


3 


Pulse Width, DS/E High or RD/WR Low 


pweh 


325 


- 


ns 


4 


Input Rise and Fall Time 


tf. tf 


- 


30 


ns 


8 


R/W Hold Time 


'RWH 


10 


- 


ns 


13 


R/W and CE Setup Time Before DS/E 


«RWS 


25 


- 


ns 


15 


Chip Enable Hold Time 


'CH 





- 


ns 


18 


Read Data Hold Time 


'DHR 


10 


100 


ns 


21 


Write Data Hold Time 


'DHW 





- 


ns 


24 


Muxed Address Valid Time to AS/ALE Fall 


'ASL 


25 


- 


ns 


25 


Muxed Address Hold Time 


tAHL 


20 




ns 


26 


Delay Time DS/E to AS/ ALE fliie i 


tASD 


60 




ns 


27 


Pulse Width, AS/ALE High 


pwash 


170 




ns 


28 


Delay Time, AS/ALE to DS/E Rise 


tASED 


60 




ns 


30 


Peripheral Output Data Delay Time from DS/E or RD 


tDDR 


20 


240 


ns 


31 


Peripheral Data Setup Time 


tDSW 


220 




ns 



NOTE: Designations E, ALE, RD, and WR refer to signals from alternative microprocessor signals. 



•■rk"r 



AS 



DS 



<27> 



h© 



R/W 



CE 



ADO- 
AD7 
WRITE 



ADO- 
AD7 
READ 



IS (28] 
©— 




HIGH 
VlOW 



3* 



Address 
Valid 



J Address i 
\_ Valid _i 



15^ 



-CD- 



/ 



•4<§) 



Write Data Valid 



< 



X 



> 



Read Data 
Valid 



NOTE: VhigH = Vdd-2 V, Vlow = 0.8 V, for VoD = 5 V ±10% 

Fig. 3 - Bus timing diagram. 
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ALE (Address Latch Enable) 
(AS Pin) 



RD (Read Output Enable) 
(OS Pin) 



WR (Write Enable) 
(R/W Pin) 



Cl (Chip Enable) 



AD0-AD7 
(Address/Data Bus) 



-<2y 




® 



■* — *^ 



< 



Vhigh 

Vlow 



[* — ® — *■ 



Address 
Valid 



fig. 4- Bus READ timing eompttHot rtfim^Mil bus. 



^ ,., -.. . ■ . j . Reed Data ^ 



® 



ALE (Addr^ Latch Enable) 
<AS Pirrt 



TO (Read Output Enable) 
(DS Pin) 



WR (Write Enable) 
(R/W Pin) 



Cff Chip Enable* 



AD0-AD7 
(Address/Data Bus) 




-®- 



Vhigh 
Vlow 



A(Jdress 
Valid 



7^ 



(0 
Qj 111 

" 111 



Write Data 

Valid 



NOTE: VhigH" Vdd-2 V, Vlow = 0.8 V, for Vdd = 5 V ± 10% 

F/g. S - Bus WHITE timing oompeOtor muUplmmtl but. 
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CONTROL TIMING (Vdd = 5.0Vdc ±10%, Vss = OVdo, Ta = QOC to 70OC) 



PARAMETER 


SYMBOL 


MIN 


MAX 


UNIT 


Interrupt Response (Input Modes 1 and 3) 


t|RQR 




1 .0 


|iS 


Delay, CA1 (CB1 ) Active Transition to CA2 (CB2) High (Output ModeO) 


tC2 




1.0 


ps 


Delay, CA2 Transition from Positive Edge of AS (Output Modes and 1 ) 


»A2 




1.0 


|iS 


Delay, CD2 Transition from Negative Edge of AS (Output Modes and 1 ) 


tB2 




1.0 


MS 


CA2/CB2 Pulse WUth (Output Mode 1 ) 


*PW 


0.5 


1.5 


MS 


Delay, Vdd Rise to RESET High 


tRLH 


1.0 




MS 


Pulse Width, RESET 


*RW 


1.0 




|18 



IRQ RESPONSE (INPUT MODES 1 AND 3) CA2/CB2 DELAY (OUTPUT MODE 11 




. Cycle 

Fig. i - Conm^ Vmtng tlfagwi^^ J 
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GENERAL DESCRIPTION 

The CDP6823, CMOS parallel interface (CPI), contains 24 
individual bidirectional I/O lines configured in tfiree 8-bit 
ports. The 15 internal registers, which control the mode of 
operation and contain the status of the port pins, are 
accessed via an 8-bit multiplexed address/data bus. The 
lower four address bits (AD0-AD3) of the multiplexed 
address bus determine which register is to be accessed (see 
Register Address Map shown below). The four address bits 
(AD4, ADS, AD6, and AD7) must be separately decoded to 
position this memory map within each 256-byte address 
space available via the 8-bit multiplexed address bus. For 
more detailed tnformatron, refer to REQI8TER DESCRIP- 
TION. 

REGISTER ADDRESS MAP 






Port A Data, Clear CAl Interrupt 


PI DA 


1 


Port A Data, Clear CA2 Interrupt 


P2DA 


2 


Port A Data 


PDA 


3 


Port B Data 


PDB 


4 


Port C Data 


PDC 


6 


Not Used 




6 


Data Direction Register for Poet A 


DDRA 


7 


Data Direction Register for Port B 


DDRB 


8 


Data Direction Register for Port C 


DDRC 


9 


Control Register for P 


CRA 


A 


Control Register : . 


CRB 


B 


Pin Function Select Register for Port C 


FSR 


C 


Port B Data, Clear CB1 Interrupt 


P1DB 


D 


Port 8 Data, Clear CB2 Interrupt 


P2DB 


E 


Handshake/Interrupt Status Register 


HSR 


F 


Handshake Over-Run Warning Register 


HWR 



The CPI is implemented with the MOTEL circuit which 
allows direct interface with either of the two major multi- 
plexed microprocessor bus types. A detailed description of 
the MOTEL circuit is provided in the MOTEL section. 



Three data direction registers (DDRs), one for each port, 
determine which pins are outputs and which are inputs. A 
logic zero on a DDR bit configures its associated pin as an 
input; and alogic oneconflgures the pin as an output. Upon 
reset, the DDRs are cleared to logic zero to configure all 
port pins as inputs. 

Actual port data may be read or written via the port data 
registers (PDA, PDB, and PDC). Ports A and B each have 
two additional data registers (P1 DA and P2DA - P1 DB and 

P2DB) which are used to clear the associated hand- 
shake/interrupt status register bits (HSA1 and HSA2 - HSB1 
and HSB2), respectively. Port A may also be configured as 
an 8-bit latch when used with CAl. Reset has no effect on 
the contents of the port data registers. Users are advised to 
initialize the port data registers t>afore changing any port 
pin to an output. 

Four pins on port C (PC4/CA1, PC5/CA2, PC6/CB1, and 
PC7/CB2) may additionally be programmed as handshake 
lines for ports A and B via the port C function select register 
(FSR). Both ports A and B have one input-only line and one 
bidirectional handshake line each associated with them. 
The handshake lines may be programmed to perform a 
variety of tasks such as interrupt requests, setting flags, 
latching data, and data transfer requests and/or acknow- 
ledgments. The handshake functions are programmed via 
control registers A and B (CRA and CRB). Additional 
information may be found in PIN DESCRIPTIONS, 
REGISTER D^@RIPTIf»i^CH'mND^|»l(E OPERATION. 

MOTEL 

The MOTEL circuit is a concept that permits the CDP6823 
to be directly interfaced with different types of multiplexed 
bus microprocessors without any additional external logic. 
For a more detailed description of the multiplexed bus, see 
MULTIPLEXED BIDIRECTIONAL ADDRESS/DATA BUS 
(AD0-AD7). Most multiplexed microprocessors use one of 
two synchronous buses to interface peripherals. An industry 
standard bus structure Is now available. 

The MOTEL circuit is built into peripheral and memory ICs 
to permit direct connection to either type of bus. The 
MOTEL concept is shown logically in Fig. 7. 

The microprocessor type is automatically selected by the 
MOTEL circuit through latching the state of the DS/RPpin 
with AS/ALE. Since DS is always low during AS and RD is 
always high during ALE, the latch automatically indicates 
with which type microprocessor bus it Is Interfaced. 
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6800 Family Connpetitor Type CDP6823 
MPU Sjgnats MPU Signals Pin SIflifials 



AS 



ALE 



DS. E, gr^ 



Internal 
Signals 




Fig. 7 - Functional diagram otUBTEL almiit 



Multiplexed Bidirectional Address/Data Bus (AD0-AO7) 
Multiplexed bus processors save pins by presenting the 
address during the first portion of the bus cycle and using 
the same pins during the second portion of the bus cycle for 
data. Address-then-data multiplexing does not slow the 
aciitts time of the CDP6823 since the bus reversal from 
address to data is occurring during the internal register 
access time. 

The address must be valid t^sL prior to the fall of AS/ALE at 
which time the CDP6823 latches the address present on the 
AD0-AD3 pins. Valid write data must be presented and held 
stable during the latter portion of the DS or WFTpulses, In a 
read cycle, the CDP6823 outputs^ht bits of data during 
the latter portion of the DS or RD pulses, then ceases 
driving the bus (returns the output drivers to high im- 
pedance) tbHR hold time after DS faHs in ttf is case of MOTEL 
or Wb risias in the other case. 

Address Strobe (AS) 

The address strobe input pulse serves to demultiplex the 
bus. The falling edge of AS or ALE causes the addresses 
AD0-AD3to be latched within the CDP6823. The automatic 
MOTEL CimVt (n thi9 CDP6iB2i3 alp IfO^efeim^f mte of the 
DS pin with tlia falling edge of AS or ALi'. 

Data Strobe or Read (DS) 

The DS input pin has two interpretations via the MOTEL 
circuit. When generated by a Motorola microprocessor, DS 
is a positive pulse during the latter portion of the bus cycle, 
and is variously called DS (data strobe), E (enable), or 02 
{02 clock). During read cycles, DS or RD signifies the time 
that the CPI is to drive the bidirectional bus. In write cycles, 
the trailing edge of DS or rising edge of WR causes the 
parallel Interface to latch the written data present on the 
bidirectional bus. 

The se co nd MO TEL interpretation of DS is that of RD, 
MEMR, or I/OR originating from a competitor- type micro 
processor. In this case, DS identifies the time period when 
the parallel Interface drives the bus with read data. This 
interpretation of DS is also the same as an output-enable 
signal on a typical memory. 

The MOTEL circuit, within the CDP6823, latches the state of 
theDS pin on the falling edge of AS/ALE. When the mode of 
MOTEL is desired DS must be low during AS/ALE, which is 
the case with the multiplexed bus microprocessors. To 
insure the competitor mode of MOTEL, the DS pin must 
remain high during the time AS/ALE is high. 

Read/Write (R/W) _ 

The MOTEL circuit treats the R/W input pin in_one of two 
ways. The microprocessor is connected, R/W is a level 
which indicates whether the current cycle is a read or write. 
A read cycle Is indicated with a high level on R/W while DS Is 
high, whereas a write cycle is a low on R/W while DS is high. 

The secon d interp retatio n of R/W is as a negative write 
pulse, WR, MEMW, andl/OW from competitor-type micro 
processors. The MOTEL circuit in this mode gives the R/W 
pin the same meaning as the write (W) pulse on many 
generlo-RAMes- i 



competitor mode of MOTEL). Bus cycles which take place 
without asserting 'CE cause no actions to take place within 
the CDP6823. When CCis high, the multiplexed bus output 
is In a high-impedance state. 

When "CI is high, all data, DS, and R/W inputs from the 
microprocessor are disconnected within the CDP6823. This 
permits the CDP6823I tj3 t^e isojatf^d. froiT) a powered-dpw/n 
microprocessor. " 

Rese t (RESE T) 

The RESET input pin is an active-low line that is used to 
restore all register bits, except the port data register bits, to 
logical zeros. After reset, all port lines are configured as 
inputs and no interrupt or handshake lines are enabled. 

Inte rrupt Request (IRQ) 

The IRQ output line is an open-drain active-low signal that 
may be used to interrupt the microprocessor with a service 
request. The "open-drain" output allows this and other 
interrupt req uest lines to be wire ORed with a pullup 
resistor. The IRQ line Is low when bit 7 of the status register 
Is high. Bit 7 (IRQF) of the handshake/interrupt status 
register (HSR) Is set If any enabled handshake transition 
occurs; and its associated control register bit is set to allow 
interrupts. Refer to INTERRUPT DESCRIPTION or HAND- 
SHAKE OPERATION for additional information. 

Port A, Bidirectional I/O Lines (PA0-PA7) 

Each line of port A, PA0-PA7, is individually programmable 
as either an input or output via its data direction register 
(DDR A). An I/O pin is an input when its corresponding DDR 
bit is a logic zero and an output when the DDR bit is a logic 
one. See Fig. 8 for typical I/O circuitry and Table 1 for I/O 
operation. 



TABLE 1 - PORT DATA REGISTER ACCESSES (ALL PORTS) 



R/W 


DOR 
Bit 


Results 








The I/O pin is in input mode. Data is written into the 
output data latch. 





1 


Data is written Into the output data latch and out- 
put to the I/O pin. 


1 





The state of the I/O pin is read. 


1 


1 


The 1/0 pin is in an output mode. The output 
data latch is read. 



There are three data registers associated with port A: PDA, 
P1DA, and P2DA. P1DA and P2DA are accessed when 
certain handshake activity is desired. See HANDSHAKE 
OPERATION for more information. 

Data written to the port A data register, PDA, Is latched into 
the port A output latch regardless of the state of the DDRA. 
Data written to PI DA or P2DA Is Ignored and has no affect 
upon the output data latch or the I/O lines. An MPU read of 
port bits programmed as outputs reflect the last value 
written to the PDA register. Port A pins programmed as 
inputs may be latehed via the hanclthake line P04/CA1 (see 




HANDSHAKE OPERATION) and latched input data may be 
read via any of the three port A data registers. If the port A 
input latch feature is not enabled, an MPU read of any port A 
data register reflects the current status of the port A input 
pins if the corresponding DDRA bits equal zero. Reset has 
no effect upon the contents of the port A data register; 
however, all pins will be placed in the input mode (all DDRA 
bits forced to equal zero) and all handshake lines will be 
disabled. 

Port B Bidirectional I/O Lines (PB0-PB7) 

Each line of port B, PB0-PB7, is individually programmable 

as either an input or an output via its data direction register 

(DDRB). An I/O pin is an input when its corresponding DOR 

bit is a logic zero and an output when the DOR bit Is a logic 

one. 

There are three data registers associated with port B: PDB, 
P1DB, and P2DB. PDB is used for simple port B data reads 
and w/rites. P1DB and P2DB are accessed when certain 
handshake activity Is desired. See HANDSHAKE OPERA- 
TION for more information. 

Data written to PDB or PI DB data register is latched into the 
port B output latch regardless of the state of the DDRB. An 
MPU read of port bits programmed as outputs reflect the 
last value written to a port B data register. An MPU read of 
any port B register reflects the current status of the Input 
pins whose DDRB bits equal zero. Reset has no effect upon 
the contents of the port B data register; however, all pins will 
be placed in the input mode (all DDRB bits forced to equal 
zero) and all handshal<e lines will be disabled. 

Port C, Bidirectional I/O Lines (PC0-PC3) 
Each line of port C, PC0-PC3, is individually programmable 
as either an input or an output via its data direction register 
(DDRC). An I/O pin is an input when its corresponding DDR 
bit is a logic zero and an output when the DDR bit Is a logic 
one. Port data ragister (PpC) is used for simple port C 
data reads and writen. 

Data written into PDC is latched into the port C data latch 
regardless of the state of the DDRC. An MPU read of portC 
bits programmed as outputs reflect the last value written to 
the PDC register. An MPU read of the port C register r^lects 



the current status of the corresponding input pins whose 
DDRC bits equal zero. Reset has no effect upon the 
contents of the port C data register; however, all pins will be 
placed In the Input mode (all DDRC bits forced to equal 
zero) and all handshake lines will be disabled. 

Port C Bidirectional I/O Line or Port A Input Handshake 
Line (PC4/CA1) 

This line may be programmed as either a simple port I/O 
line or as a handshake line for port A via the port C function 
select register (FSR). If programmed as a port C I/O pin, 
PC4/CA1 performs as described In the PC0-PC3 pin 
description. If programmed as a port A handshake line, 
PC4/CA1 performs as described In HANDSHAKE OPERA- 
TION. 

Port C Bidirectional I/O Line or Port A Bidirectional 
Handshake Line (PC5/CA2) 

This line may be programmed as either a simple port C I/O 
line or as a handshake line for port A via the port C function 
select register (FSR). If programmed as a port C I/O pin, 
PC5/CA2 performs as described in the PC0-PC3 pin 
description. If programmed as a port A handshake line, 
PC5/CA2 performs as described In HANDSHAKE OPERA- 
TION 

Port C Bidirectional I/O Line or Port B Input Handshake 
Line (PC6/CB1) 

This line may be programmed as either a simple port C I/O 
line or as a handshake line for port B via the port C function 
select register (FSR). if programmed as a port C I/O pin, 
PC6/CB1 performs as described in the PC0-PC3 pin 
description. If programmed as a port B handshake line, 
PC6/CB1 perform^as described in HANDSHAKE OPERA- 
TION. 

Port C BIdireetlonal I/O Une or Port B 
Bidirectional Handshake Line (PC7/CB2) 

This line may be programmed as either a simple port C I/O 
line or as a handshake line for port B via the port C function 
select register (FSR). If programmed as a port C I/O line, 
PC7/CB2 performs as described In the PC0-PC3 pin 
description. If programmed as a port B handshake line, 
PC7/CB2 pertorms as described in HANDSHAKE OPERA- 
TION. 
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HANDSHAKE OPERATION 

Up to four port C pins can be configured ashandshalte lines 
for ports A and B (one input-only and one bidirectional line 
for each port) via the port C function select register (FSR). 
The direction of data flow for the two bidirectional hand- 
shaite lines (CA2 and CB2) is determined by bits 5 and 7, 
respectively, of the port C data direction register (DDRC). 
Actual handshalie operation is defined by the appropriate 
port control register (CRA or CRB). 

The control registers allow each handshake line to be 
programmed to operate in one of four modes. CA2 and CB2 
each have four input and four output modes. For detailed 
information, see Tables 2 and 3. 

A summary of the handshake modes is given in the Input 
and output sections that folto#. All handshake activity Is 
disabled by reset. 

Input 

Handshake lines programmed as Inputs operate in any of 



four different modes as defined by the control registers (see 
Table 2). A bit in the handshake/interrupt status register 
(HSR) is set to a logic one on an active transition of any 
handshake line programmed as an input. Modes and 1 
define a negative transition as active; modes 2 and 3 define a 
positive transition as active. If modes 1 or 3 are selected on 
any input handshake line then the active transition of that 
line results in the IRQF bit of the H SR b eing set to a log ic 
one and causes the interrupt line (IRQ) to go low. IRQ Is 
released by clearing the HSR bits that are input handshake 
lines which have interrupts enabled. 

If an active transition occurs while the associated HSR bit is 
set to a logic one, the corresponding bit in the handshake 
warning register (HWR) is set to a logic one Indicating that 
service of at least one active transition was missed. An HWR 
bit is cleared to a logic zero by fi rst accessing the appropriate 
port data register, to clear the appropriate HSR status bit, 
followed lay a read of the HWR. 



TABLES - INPUT HANDSHAKE MODES 



Mode 


Control 
Register Bits* 


Active 
Edge 


Status Bit 
In HSR 


IRQ Pin 





00 


-Edige 


Set high on 
active edge. 


Disabled 


1 


01 


-Edge 


Set high on 
active edge. 


Goes low when corresponding 
status flag in HSR goes high. 


2 


10 


+ Edge 


Set high on 
active edge. 


Disabled 


3 


11 


+ Edge 


Set high on 
active edge. 


Goes low when corresponding 
status flag in IHSR goes high. 



* Cleared to kigic zero on reset. 



TABIDS - OUTPUT HANDSHAKE U!|p| AND jCQZ WY) 



Mode 


Control 
Register 
CRA(B) 

Bits 
3 and A* 


Handshake Line Set High 


Handshake Line Cleared Low 


Default 
Level 





00 


Handshake set high on active 
transition of CA1 input. 

Handshake set high on active 
transition of CB1 input. 


Read of PI DA or a read of P2DA 
while HSAl is cleared. 

Write of port B P1DB or write 
of P2DB while HSB1 is cleared. 


High 


1 


01 


High on the first positive 
(negative) transition of AS 

whift eAateaa is low. 


Low on the first positive 
(negative) transition on AS fol- 
lowing a read (write) of port 
A(B) data registers P1DA(B) or 

P2DA(B). 


High 


2 


10 


Never 


Always 


Low 


3 


11 


Always 




- .High . 



"Claanid to logic zero on reset. 
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Input Latch 

Port A input-only handshake line (PC4/CA1) iMn be 
programmed to function as a latch enable for port A input 
data via CA1 LE (bit2of CRA). If CA1 LE Is programmed to a 
logic one, an active transition of PC4/CA1 will latch the 
current status of the port A input pins into all three port A 
data registers (PDA, P1DA. and P2DA). When CA1 LE is 
enabled, port A and PC4/CA1 function as an 8-bit trans- 
parent latch; that is, if theHSAI bit in the HSR is a logic zero 
then a read of any port A register reflects the current state of 
the port A input pins and corresponding bits of the output 
data latch for port A output pins. If IHSAI is a logic one, a 
read of any port A data register reflects the state of the port 
Ainput pins when HSA1 was set and the corresponding bits 
of the port A output data latch for port A output pins. 

Further transitions of PC4/CA1 result only in setting the 
HWA1 bit in the HWR and do not relatch data into the port A 
registers. Latched data is released only by clearing HSA1 in 
the IHSR to a logiczero (I-ISA1 is cleared by reading P1 DA). 

Output 

Each bidirectional handshalte line programmed as an 
output by the DDRC operates in one of four modes as 
described in Table 3. Modes 2 and 3 force the output 
handshake line to reflect the State of blt4 in thftsppropriate 
control register. 

In modes and 1, PC5/CA2 is forced low during the cycle 
following a read of PI DA or a read of P2DA while HSA1 is 
cleared. PC7/CB2 is forced low during the cycle following a 
write to P1DB or a write to P2DB while HSB1 is cleared. 
Because of these differences, port A is the preferred Input 
port and port B is the preferred output port. 

In mode 0, PC5/CA2 (PC7/CB2) is set high by an active 
transition of PC4/CA1 {PC6/CB1) In mode 1, PC5/CA2 
(PC7/CB2) is set high in the cycle following the cycle in 
which PC5/CA2 (PC7/CB2) goes low. Mode 1 forces a low- 
going pulse on PC5/CA2 (PC7/CB2) following a read 
(write) of PI DA (P1DB) or P2DA (P2DB) that is approxi- 
mately one cycle time wide. 

When entering an output handshake mode for the first time 
after a reset, the handshake line outputs the default level as 
listed in Table 3. 



REGISTER DESCRIPTION 

The CDP6823 has 15 registers (see Fig. 1) which define the 
mode of operation and status of the port pins. The following 
paragraphs describe these Fegisterk 

Register Names: 

Control Register A (CRA) 
Control Register B (ORB) 

Register Addresses: 

$9 (CRA) 
$A (CRB) 

Register Bits: 



«9 



7 


6 


5 


4 3 


2 


1 








CA2 


CA1 


CA1 


X 


X 


X 


Mode 


LE 


Mode 








CB2 




CB1 


X 


X 


X 


Mode 


X 


Mode 



Purpose: 

These two registers control the handshake and interrupt 
activity for those pins defined as handshake lines by the 
port C function select register (FSR). 

Description: 

CA2 and CB2 are programmed as inputs or outputs via the 
associated DDRC bits. Each handshake line is control led by 
two mode bits. Bit 2 of CRA enables the Port A latch for an 
active CA1 transition. Table 2 describes the input handshake 
modes (CA1, CB1, CA2, CB2) and Table 3 describes the 
output handshake modes for CA2 and 082. 



Register Names: 

Port A Data Registers (PDA, PI DA, P2DA) 

Register Addresses: 

$2 (PDA), $0 (PI DA), $1 (P2DA) 

Register Bits: 



(A 
ID uj 



Bit? I Bite I Bit 5 I Bit 4 I Bit 3 Bit 2 | Bit 1 | Bit 



m & 

111 
O. 



INTERRUPT DESCRIPTION 

The CDP6823 allows an MPU interrupt request (IRQ low) 
via the input handshake lines. The input handshake line, 
operating in modes 1 or 3 as d efined by the control registers 
(CRA and CRB), causes IRQ to go lo w whe n IRQF (interrupt 
flag) in the HSR is set to a logic one. IRQ is released when 
IRQP is cleared. See Handshake/Interrupt Status Register 
under REGISTER DESCRIPTION for additional information. 



Purpose: 

These three registers serve different purposes. PDA is used 
to read input data and latch data written to the port A output 
pins. PI DA and P2DA are used to read input data and to 
affect handshake and status activity for PC4/CA1 and 
PC5/CA2. If enabled, port A input data may be latched into 
the three port A data registers on an active PC4/CA1 
transition as described in HANDSHAKE OPERATION. 
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DMcriptlon: 

Data written into PDA is latched into the port A output latch 
(see Fig. 3) regardless of the state of DDRA. Output pins, as 
defined by DDRA, assume the logic levels of the cor- 
responding bits in the PDA output latch. The PDA output 
latch allows the user to read the state of the port A output 
data. If the input latch is not enabled, a read of any port A 
data register reflects the current state of the port A input 
pins as defined by DDRA and the contents of the output 
latch for output pins. Writes into PI DA or P2DA have no 
effect upon the output pins or the output data latch. Uaers 
are recommended to initialize the port A output latch before 
changing any pin to an output via the DDRA^.' ^ ' 

MPU accesses of P1 DA or P2DA are primarily used to affect 
handshake and status activity. A summary of the effects on 
the status and warning bits of port A data register accesses 
is given in Table 4. For more information, see HANDSHAKE 
OPERATION and Control Register A (CRA) under REG- 
ISTER DESCRIPTION. Reset has no effect up0n the 
contents of any port A data register. 

Register NameK 

Port B Data Registers (PDB, P1DB, P2DB) 

Register Addresses: 

$3 (PDB), $0 (P10B), $D (P2DB) 

Register Bits: 

7 6 5 4 3 2 1 

I Bit 7 I Bit 6 I Bit 5 I Bit 4 I Bit 3 [ Bit 2 [ Bit 1 | Bit | 



Purpose: 

These three registers serve different purposes. The Port B 
data registers are used to read input data and to latch data 
written to the port B output pins. Writes to PDB and P1DB 
affect the contents of the output data latch while writes to 
P2DB do not affect the output data latch. PI DB and P2DB 
accesses additionally affect handshal^e and status activity 
for PC6/CB1 and PC7/CB2. 

Description: 

Data written into PDB and PI DB port B registers is latched 
into the port B output latch (see Fig. 3) regardless of the 
state of DDRB. Output pins, as defined by DDRB, assume 
the logic levels of the corresponding bits in the port B 
output latch. Reads of any port B data registers reflect the 
contents of the output data latch for output pins and the 
current state of the input pins (as determined by DDRB). 
Users are recommended to initialize the port B output latch 
before changing any pin to an output via the DDRB. 

MPU accesses of PI DB or P2DB are primarily used to affect 
handshal<e and status activity. A summary of the effects on 
status and warning register bits of port B data register 
accesses is given in Table 5. For more information, see 
HANDSHAKE OPERATION or Control Register B (CRB) 
under REGISTER DESCRIPTION. Reset has no effect upon 
the contents of any port B data register. 



TABLE 4 - SUMMARY OF EFFECTS ON HANDSHAKE STATUS, WARNING BITS, 
AND OUTPUT LATCH BY PORT A DATA REGISTER ACCESSES 



Register 
Accessed 








Output Latch 


HSR Bit 


HWR Bit 


Handshake Reaction 


Read 


Write 


PDA 


None 


None 


None 


Yes 


Yes 


PI DA 


HSAl cleared 

to a logic 
zero. 


HWA1 loaded 

into buffer 
latch- 


CA2 goes low if output modes 

or 1 are selected in thte CRA 


Yes 


No 


P2DA 


HSA2 cleared 
to a logic 
zero. 


HWA2 loaded 
into buffer 
latch. 


CA2 goes low if output modes 
or 1 are selected in the CRA. 


Yes 


No 















TABLE 5 - SUMMARY OF EFFECTS ON HANDSHAKE STATUS, WARNING BITS, 
AND OinPUT LATCH BY PORT B DATA REGISTER ACCUSES 



Register 
Accessed 


HSR Bit 


HWR Bit 


Handshake Reaction 


Output Latch 


Read 


Write 


PDB 


None 


None 


None 


Yes 


Yes 


P1DB 


HSB1 cleared 
to a logic 
zero. 


HWB1 loaded 
into buffer 
latch. 


CB2 goes low if output modes 
or 1 are selected in ttw CRB. 


Yes 


Yes 


P2DB 


HSB2 cleared 
to a logic 
zero. 


HWA2 loaded 
into buffer 
latch. 


CB2 goes low if output modes 
or 1 are selected in CRB. 


Yes 


No 
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Register Name: 

Port C Data Register (PDC) 

Register Address: 
$4 

Register Bits: 

7 6 5 4 3 210 
I Bit 7 I Bit 6 I Bit 5 I Bil 4 I Bit 3 | Bit 2 | Bit 1 | Bit 0~ 



Purpose: 

The port C data register (PDC) Is used to read input data 
and to latch data written to the output pins. 

DescrlpHpiK 

Data Is written into the port C output latch (see Fig. 3) 
regardless of the state of DDRC. Any port C pin defined as a 
handshal<e line by the port C function select register (FSR) 
is not affected by PDC. Output pins, as defined by DDRC, 
assume logic levels of the corresponding bits in the port C 
output latch. A read of PDC reflects the contents of the 
output latch for output pins and the current state of the 
input pins (as reflected in the DDRC). Reset has no effect 
upon the contents of PDC. Users are recommended to 
initialize the port C output data latch before changing any 
pin to an output via the DDRC. 



Purpose: 

The port C pin function select register defines whether the 
multifunction port C pins are to operate as "normal" port C 
lines or as handshake lines. 

Description: 

A logic zero in any FSR bit defines the corresponding port 
C pin as a "normal" I/O pin. A logic one in any valid FSR bit 
defines the corresponding port C pin as a handshalce line. 
Pins defined as handshai<e lines function according to the 
contents of control register A (CRA) or control register B 
(CRB). The port C data direction register (DDRC) is valid 
regardless of FSR contents for all pins except PC4/CA1 and 
PC6/CB1. Transitions on port C pins not defined as 
handshake pins do not effect tine handshal(e/interrupt 
status register. Reset clears all FSR bits to a logic zero. 
Users are recommended to initialize the data direction and 
control registers before modifying the FSR. 



Register Name: 

Handshaice/lnterrupt Status Register (l-ISR) 

Register Address: 

$E 



Register Bits: 



Register Name: 

Data Direction Regis^ f9jr.PQit, Aj(B) (Q) i 

Register Addrms: 

$6 ($7) ($8) 

Register BHk 

7 6 5 4 3 210 
I Bil 7 I Bit 6 I Bit 5 [ Bit 4 | Bit3 | Bit 2 | Bit 1 | Bit 0~| 

Purpose: 

Each of the three data direction registers (DDRA, DDRB, 
and DDRC) define the direction of data flow of the port pins 
for ports A, B, and C. 

Description: 

A logic zero in a DDR bit places the corresponding port pin 
in the input mode. A logic one in a DDR bit places the 
corresponding pin in the output mode. Any port C pins 
defined as bidirectional handshake lines also use the port C 

DDR (DDRC). Input-only handshake lines are not affected 
by DDRC. Reset clears all DDR bits to logic zero configuring 
all port pins as inputs. The DDRs have no write-inhibit 
control over the port data output latches. Data may be 
written to the port data registers even though the pins are 
configured as inputs. 



Register Name: 

Port C Pin Function Select Register (FSR) 

Register Address: 

$B 

Register Bits: 



IRQF 



6 5 4 3 2 1 

XX I XX I XX I hsb2|hsa2| HSB1 |hsai| 



Purpose: 

The handshake interrupt status register is a read-only flag 
register that may be used during a polling routine to 
determine if any enabled Input handshake transition, as 
defined by the control register (CRA and CRB), has 

occurred. 

Description: 

If an enabled input handshake transition occurs then the 
appr_0£riate HSR bit (HSB2, HSA2, HSB1, or HSA1) is set. 
The IRQ flag bit (bit 7, IRQF) is set when one or more of the 
IHSR bits 0-3 and their corresponding control register bits 
are set to a logic one as shown in the following equation: 

Bit 7=IRQF=[HSB2»CRB2(3)1+[HSA2-CRA2(3)] 
+[HSB1.CRB1(0)]+(HSA1»CRA1(0)] 
The numbers in ( ) indicate which bit in the control register 
enables the interrupt. 

Handshake/interrupt status register bits are cleared by 
accessing the appropriate port data register. The following 
table lists the HSR bit and the port data register that must be 
accessed to clear the bit. 



To Clear Access 
HSR Bit Register 

HSB2 P2DB 

HSA2 P2DA 

HSB1 P1DB 

HSA1 PI DA 



(A 

5 DC 
CD LU 

m — 

e!> <C 
lU 

a. 



CFB2 



CFB1 CFA2 CFAl 



XX 



Reset clears all handshake/interrupt status register bits to a 
logic zero. 



^9. 



Register Bits: 

7 6 5 4 3 2 10 

I XX I XX I )>0( I XX |HWB2|HWAg|MWBl|HWAl| 

Purpose: 

The warning register is a read-only flag register that may be 
used to determine If a second attempt to set a hand- 
shal(e/interrupt status register bit has been made before the 
original had been serviced. 

Description: 

Each bit In the handshakw/lnterrupt status register, except 
IRQF, has a corresponding bit In the handshaice warning 
register. If an attempt is made to set a bit In the 
handshaice/lnterrupt status register that is already set, then 
the corresponding bit in the handshal<e warning register is 
also set. An attempt Is the occurrence of any enabled input 
handshatce transition as defined by the control registers. 

A handshai<e warning register bit Is cleared by first reading 
the appropriate data register then reading the handshake 
warning register. Reading the data register (either PI DA, 
P2DA, PI DB, or P2DB) loads a buffer latch with the proper 
bit In the handshake warning register (HWA1, l-iWA2, 
HWB1, and i-iWB2, respectively). The next read of the 
handshalce warning register clears the appropriate bit 



. oouii ly 11 IB I mi lusnaKe warning register, then the handshake 
warning register bits will remain unaffected. Reset clears all 
HWR bits to a logic zero. 

Recommended status register handling sequence: 

1. Read status (User determines which if any 
register enabled handshake transition 

occurred) 

2. Read/write port (Clears associated status bit and 
data indicated by latches appropriate warning 
status register register bit in the buffer latch) 

3. Read warning (Latched warning bit is cleared 
register and the remaining bits are 

unaffected) 

TYPICAL INTERFACING 

The CDP6823 is best suited for use with microprocessors 
which generate an address-then-data-multiplexed bus. Fig. 
9 shows the CDP6823 in a typical CMOS system that uses 
the CDP6805E2 CMOS MPU. Other multiplexed micro- 
processors can be used as easily. 

A single-chip microcomputer (MCU) may be interfaced 
with 11 port lines as shown In Fig. 10. This Interface also 
requires some software overhead to gain up to 13 additional 
I/O lines and th« C0P68^ handshake lines. 
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An 8-Chip CMOS Microprocessor System Includes: 

S.Bit Microprocessor 
6K Bytes of ROM 
162 Bytes of RAI^ 
64 Parallel I/O Pins 
RTC Function 
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CMOS Parallel Interface 
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CMOS Parallel Interface 



Fig. 9- A typical CMOS microprooeaaorsyatBm. 
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Fig. 10 - CDP6«t3 Intartaead wttH t^poftsof a ^0e0i^ns^m^eM$^iril<mpmo»wor. 
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CMOS Asynchronous Communications 
interface Adapter (ACiA) with iVIOTEL Bus 



Features 

• Compatible With 8-Blt Microprocessors 

• Multiplexed Address/Data Bus (MOTEL Bus) 

• Full Duplex Operation With Buffered Receiver and Transmitter 

• Data Set/Modem Control Functions 

• Internal Baud Rate Generator with 15 Programmal^e Baud Rates (50 
to 19,200) 

• Operates at Baud Rates Up to 250,000 Via Proper Crystal or Clock 

Selection 

• Program-Selectable Internally or Externally Controlled Receiver Rate 

• Programmable Word Lengths, NumlMr'Of Stop Bite, tfntf'Pfarlfi^ BR ' 
Generation and Detection 

• Programmable Interrupt Control 

• Program Reset 

• Program-Selectable Serial Echo Mode 

• Two Chip Selects 

• One Chip Enable 

• Single 3V to 6V Power Supply 

• Full TTL Compatibility 

• 4MHz or 1MHz Operation 
(CDP6853-*, COP6KS3, Respedhwly) 



Pin out 



PACKAGE TYPES D AND E 

TOP VIEW 
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Description 

The CDP6853 Asynchronous Communicatfong Interface 
Adapter (ACIA) provides an easily implemented, program 
controlled interface between 8 bit microprocessor-based 
systems and serial communication data sets and 
modems. 

The CDP6853 has an internal baud rate generator. This 
feature eliminates the need for multiple component support 
circuits, a crystal being the only other part required. The 
Transmitter baud rate can be selected under program 
control to be either 1 of 1 5 different rates from 50 to 1 9,200 
baud, or at 1/16 times an external clock rate. The Receiver 
baud rate may be selected under program control to be 
either the Transmitter rate, or at 1/16 times an external 
clock rate. The CDP6853 has programmable word lengths 
of 5, 6, 7, or 8 bits; even, odd. or no parity; 1, 1U, org stop 
bits. 

The CDP6853 Is designed for maximum programmed 
control from the CPU, to simplify hardware implementation. 
Three separate registers permit the CPU to easily select the 
CDP6853 operating modes and data checking parameters 
and determine operational status. 



The Command Register controls parity, recei ver e cho 
mode, transmitter interrupt control, the state of the R TS line, 
receiver interrupt control, and the state of the DTR line. 

The Control Register controls the number of stop bits, word 
length, receiver clock source, and baud rate. 

The Statu s Register indicates the states of the IRQ, DSR, 
and DCD lines. Transmitter and Receiver Data Registers, 
and Overrun, Framing and Parity Error conditions. 

The Transmitter and Receiver Data Registers are used for 
temporary data storage by the CDP68S3 Transmit and 
Receiver circuits. 

The MOTEL Bus allows Interfacing to 6805 and 8085 type 

multiplexed address data bus. 

The CDP6853, CDP6853-2, and CDP6853-4 are capable 
of interfacing with microprocessors with cycle times of 
1MHz, 2MHz, and 4MHz, respectively. 

The CDP6853 is supplied in 28 lead, hermetic, dual-in-line 
sidebrazed cereunic (D suffix) and in 28 lead, duai-in-line 
plastic (E suffix) packages. 



Copyright S> Harris Corponlian 1981 



File Number 1487.2 
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MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAQE RANQE, (Vdo) 

(Voltage retersnced to Vm terminal) « .ii. ........ . ; . .s -0.5 to +7 V 

INPUT VOLTAGE RANGE, ALL INPUTS i J . , . . w^. . -0.5 to Vdo +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±1 mA 

POWER DISSIPATION PER PACKAGE (Pb>: M 

For T»=-40 to +60° C (PACKAGE TYPE E) 500 mW 

ForTA=+80to+85°C (PACKAGE TYPE E) Derate Linearly at 8 mW/° C to 300 mW 

For Ta=-55 to +1 00° C (PACKAGE TYPE D) y .,. ■ 500 mW 

For T»=+i 00 to 125" C (PACKAGE TYPE D) Derate Unsarly at 8 mMr/*C to 300 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR , 
ForTA=FULL PACKAGE-TEMPERATURE RANgI (All Pspl(«(|e; Type*)' . lOO mW 

OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPE D -55 to +125° C 

PACKAGE TYPE E -40to+85°C 

STORAGE-TEMPERATURE RANGE (T.„) '. -65tO+150"C 

LEAD TEMPERATURE (DURING SOLDERING): 

At dlMance 1/16 * 1/Miirhd*9 A OiW^nwn) Iwm-oiwpifer itajaiax .4. *MP<J 



RECOMMENDED OPERATING CONDITIONS at Ta = -40° to -fSS'C 

For maximum rallablllly, nominal operating condltlona ahould be aeleclad ao that operation la alwaya 
witliln the lollowing rangea: 



CHARACTERISTIC 


LIMITS 


UNITS 


MIn. 


Max. 


DC Operating Voltage Ranoe 


3 


6 


V 


Input Voltage Range 


Vss 


Vdd 



STATIC ELECTRICAL CHARACTERISTICS at Ta=-40° to +85° C, Voo ° 5 1^ ± S« 



CHARACTERISTIC 


" " LIMITS 


UNITS 


MUn. 




Max. 


Quiescent Device Current 


loD 




so 


200 




Output Low Current (Sinking): Vol ^ 0.4 V 
(00-07. TxD, RxG, RTS, DTR, IRQ) 


loL 


1.6 






mA 


Output High Current (Sourcing): Voh *'4.6 V 
(D0-D7, TxD, RxC, RfS, DTR) 


loH 


-1.6 






mA 


Output Low Voltage: Iload = 1.6 mA 


Vol 






0.4 


V 


(D0-D7, TxD, RxC, RTS, DTR, IRQ) 










Output High Voltage: Iload = -1 .6 mA 
(D0-D7, TxD, RxC, RTS, DTR) 


Voh 


4.6 






V 


Input Low Voltage 


V,L 


Vss 




0.8 


V 


Input High Voltage 


V,H 










(Except XTLI and XTLQ), ■ . , r 




2 




Vdd 


V 


(XTLI and XTLO) 




3 




Vdd 




Input Leakage Current: Vin = to 5 V 


llN 






±1 




(R/W, RES, CSC, CS1, CE, DS, AS, CTS, RxD, DCD, DSR) 








Input Leakage Current for High Impedance State (D0-D7) 


Itsi 






± 1.2 


M 


Output Leakage Current (off state): Vout = 5 V (IRQ) 


loFF 






2 


A/A 


Input Capacitance (except XTLI and XTLO) 


CiN 






10 


PF 


Output Capacitance 
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CDP6853 INTERFACE REQUIREMENTS 

This section describes the interface requirements for the 
CDP68S3 ACIA. Fig. 1 Is the Interface Diagram and the 
Terminal Diagram sho«» the pin-out configuratlan for the 
CPP68S3. 
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Fig. 1 - CDPeesa interface diagram. 

MICROPROCESSOR INTERFACE 
SIGNAL DESCRIPTION 

RE8(RMrt)(4) 

During system initialization a low on the RES input wlli 
cause a hardware reset to occur. The Command Register 
and the Controi Register wiil be cleared. The Status 
Register wiil be cleared with the exception of the indications 
of Data Set Ready and Da ta Ca rrier Dete ct, which are 
externally controlled by the DSR and DCD lines, and the 
transmitter Empty bit, which will be set. A hardware reset is 
required after power-up. 

R/W (RMd/Wrtta) (1) 

The MOTEL circuit treats the R/W pin in one qfjwo ways. 
When a 6805 type processor Is connected, R/W is a level 
which indicates whether the cu rrent cycle is a read or write. 
A read cycle is indicated with a high level onR/W while DS is 
high, whereas a writs cycle is a low on R/W during DS. 

The s econd Interp retati on of R/W is as a negative write 
pulse, WR, MEMW, and i/OW from competitor typ e pro- 
cessors. The MOTEL circuit in this mode gives RTW pin the 
same meaning MiK tha witMiji^'pulie oji ffleny iftfniicic 
RAMs. 

IRQ (Inlamipt RaquMt) (26) 

The IRQ pin is an interrupt output from the interrupt control 
logic, it Is an open drain outpu t, perm itting several devices 
to be connected to the c omm on IRQ microprocessor input. 
Normally a hlQh level, IRQ goes low when an Interrupt 
occurs. 



D2-07 (Data Bus) (20-25) 

The D2-D7 pins are the eight data lines used to transfer dati^ 
between the processor and the CDP6853. These lines ire 
bi-directional and are normally high-impedance exceipt' 
during Read cycles when the GDP68i3 ls;st<ected. 

CE, CSO, CST (Chip Selects) (2,3,1^'"" 

The two chip select and the one chip enable inputs are 
normally connected to the processor address lines eittwr 
directly or throug h de coders. The CDP68S3 is seiectid 
when CSO is high, is low, and CE is high. 

AOQ, A01 (Miriitiiiklwd Bldlieetlonal Addiess/Daia Bits) 

(10,19) 

Multiplexed bus processors save pins by presenting the 
address during the first portion of the bus cycle and using 
the same pins during the second portion for data. Address- 
then-data multiplexing does not slow the access time of the 
CDP68S3 since the bus reverwl 'M!M4cld|Ms to data is 
oeeiirrthgdutltff theinteirnarAlMi@i«sM ' 

The address must be valid Just prior to the fail of AS/ALE at 
which time the CDP6853 latches the address from ADO to 
AD1. Valid write data must be presented and held stable 
during the latter portion of the DS or WR pulses. In a read 
cycle, the CDP6853 out puts 8 bits of data during the latter 
portion of the DS or RD pulses, then ceases driving the bus 
(returns the output drive rs to three-state) when DS falls in 
this case of MOTEL or RD rises in the other case. The; 
following table shows internal register select coding: 

TABLEI 



AD1 


ADO 


Write 


Read 








Transmit Data 


Receiver Data 






Register 


Register 





1 


Programmed Reset 


Status Register 






(Data is "Don't 








Care") 




1 





Command Register 


1 


1 


Control Register 



Only the Command and Control registers are read/write. 
The programmed Reset operation does not cause any date 
transfer, but is used to clear bits 4 through in the 

Command register and bit 2 in the Status register. The 
Control Register is unchanged by a Programmed Reset. It 
should be noted that the Progr ammed Reset is slightly 
different from the Hardware Reset (RES); these dlffererjcee ' 
are shown in Figs. 4, 5, and 6. < 

ACIA/MODEM INTERFACE 
SIGNAL DESCRIPTION 

XTLI, XTLO (Crystal Pins) (0,7) 

These pins are normally directly connected to the external 
crystal (1.8432 MIHz) used to derive the various baud rates 
(see "Generation of Non-Standard Baud Rates"). Alter- 
natively, an externally generated clock may be used to drive 
the XTLi pin. In wliich case the XTLO pin must float. XTLI Is 
the inpijt pin for the transmit clock. 

TkD (Transmtt Data) (10) 

The TxD output line is used to transfer serial NRZ 
(nonretum-to-zero) data to the modem. The LSB (least 
significant bit) of the Transmit Data Register Is the first data 
bit transmitted and the rate of data transmission is 
determined by the baud rate selected or under control of an 
external clock'. This selection is made by programming the 
Control Register. 
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CDP6853 INTERFACE REQUIREMENTS (Cont'd) 



RxD (Racalw Data) (12) 

The RxD input line is used to transfer serial NRZ data into 
thq ACIA from the modem, LSB first. The receiver data rate 
is either the programmed baud rate or under the control of 
an externally generated receiver clock. The selection is 
made by programming the Control Register. 

RxC (Receive Clock) (5) 

The RxC is a bi-directional pin which serves as either the 
receiver 16x clock input or the receiver 16x clock output. 
The latter mode results if the Internal baud rate generator is 
selected for receiver data clocking. 

RTS (Request to Send) (8) 

The RTS output pin is used to con trol the modem from the 
processor. The state of the RTS pin is determined by the 
contents of the Command Register. 

Cfs (Clear to Send) (9) 

The CTS Input pin is used to cont rol the transmitter 
operation. The enable state Is wit h CTS low. The transmitter 
is automatically disabled If CTS Is high. 

DTR (Data Tarmlnal Ready) (11) 

This output pin is used to i ndicat e the status of the CDP6SS3 
to the modem. A low on DTR indicates the CdP6SS3 is 
enabled, a high indicates It Is disabled. The processor 
controls this pin via bit of the Command Register. 

"dSR (Data Set Ready) (17) 

The DSR Input pin Is used to Indicate to the CDP6853 the 
status of the modem. A low indicates the "ready" state and a 
high, "not-ready". 

DCD (Data Carrier Detect) (16) 

The DCD input pin is used to indicate to the CDP6853 the 
status of the carrier-detect output of the modem. A low 
Indicates that the modem carrier signal is present and a 
high, that It Is not. 

DS (Data Strobe or Read) (27) 

The DS pin has two interpretations via the MOTEL circuit. 
When emanating from a 6800 type processor, DS is a 
positive pulse during the latter portion of the bus cycle, and 
Is variously called DS (data strobe), E (enable), and 02 (02 
clock). During read cycles, DS signifies the time that the 
ACIA Is to drive the bidirectional bus. in write cycles, the 
trailing edge of DS causes the ACIA to latch the written 
data. 



The se co nd MO TEL interpretation of DS Is that of RD, 
MEMR, or I/OR emanating from an 8085 type processor. In 
this case, DS identifies the time period when the real-time 
clock plus RAM drives the bus with read data. This 
interpretation of DS Is also the same as an output-enable 
signal on a typical memory. 

The MOTEL circuit, within the CDP6853 latches the state of 
the DS pin on the falling edge of AS/ALE. When the 6800 
mode of MOTEL is desired DS must be low during AS/ALE, 
which is the case with the CDP6805 family of multiplexed 
bus processors. To insure the 8085 mode of MOTEL, the DS 
pin must remain high during the time AS/ALE is high. 

AS (Multiplexed Address Strobe) (15) 

A posltlve-going multiplexed address strobe pulse serves to 
demultiplex ADO and AD1 . The falling edge of AS or ALE 
causes the address to be latched within the CDPSSSS. The 
automatic MOTEL circuitry in the CDP6853also latches the 
state of the DS pin with the falling edge of AS or ALE. 



MOTEL 

The MOTEL circuit is a new concept that permits the 
CDP6853 to be directly interfaced with many types of 
microprocessors. No external logic is needed to adapt to 
the differences in bus control signals from common 
multiplexed bus microprocessors. 

Practically all microprocessors interface with one of two 
synchronous bus structures. 

The MOTEL circuit Is built into peripheral and memory ICs 
to permit direct connection to either type of bus. An 
industry-standard bus structure is now available. The 
MOTEL concept is shown logically In Fig. 2. 

MOTEL selects one of two interpretations of two pins. In the 
6805 case, DS and R/W are gated together to produce the 
Internal read enable. The Internal write enable Is a similar 
gating of the inverse of R/W. With 8085 Family buses, the 
Inversion of RD and WR create functionally Identical Internal 
read and write enable signals. 

The CDP6853 automatically selects the processor type by 
using AS/ALE to latch the state of the DS/RD pin. Since DS 
is always low and RD Is always high during AS and ALE, the 
latch automatically indicates which processor type is 
connected. 
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CDP6853 INTERNAL ORGANIZATION 



This section provides a functional description of tiie 
CDP6853. A block diagram of the CDPe8S3 is presented in 
Fig. 3. 
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Fig. 3 - Internal organization. 



DATA BUS BUFFERS 

The Data Bus Buffer Interfaces the system data lines to the 
Internal data_bus. The Data Bus Buffer is bl-directlonal. 
When the R/Wline is high and the chip is selected, the Data 
Bus Buffer passes the data to the system data lines from the 
CDP6853 Internal data bus. When the R/W line Is low and 
the chip is selected, the Data Bus Buffer writes the data from 
the system data bus to the internal data bus. 

INTERRUPT LOGIC 

The Interrupt Logic will cause the IRQ line to the micro- 
processor to go low when conditions are met that require 
the attention of the microprocessor. The conditions which 
can cause an Interrupt will set bit 7 and the appropriate bit of 
bits 3 through 6 1 n the Status Register If enable d. Bits S and 6 
correspond to t he Dat a Carrier Detect (DCD) logic and the 
Data Set Ready (DSR) logic. Bits 3 and 4 correspond to the 
Receiver Data Registerfull and the Transmitter Data Register 
empty conditions. These conditions can cause an interrupt 
request If enabled by the Command Register. 

I/O CONTROL 

The I/O Control Logic controls the selection of internal 
registers in prafMratiOn for a data transfer on the internal 
data bus and the dIrectleA of the transfer to or from the 
register. 

The registers are selected by the Register Select and Chip 
Select and Read/Write lines as described in Table I, 
previously. 

TIMING AND CONTROL 

The Timing and Control logic controls the timing of data 
transfers on the internal data bus and ilw reglsters>,tlv>JP<lta. 



Bus Buffer, and the microprocessor data bus, and the 
hardware reset features. 

Timing is controlled by the system 02clocl< input. The chip 
will perform data transfers to or from the microcomputer 
data bus during the 02 high period when selected. 

All registers will be i nitial ized by the Timing and Control 
Logic when the Reset (RES) line goes low. See the individual 
register description for the state of the reglstersfollDwdngv 
hardware reset. 

TRANSMITTER AND RECEIVER 
DATA REGISTERS 

These registers are used as temporary data storage for the 
CDP6853 Transmit and Receive Circuits. Both the Trans- 
mitter and Receiver are selected by a Register Select 
(RSO) and Register Select 1 (RSI) low condition. The 
Read/Write line determines which actually uses the internal 
data bus; the Transmitter Data Register Is write only and the 
Receiver Data Register is read only. 

Bit is the first bit to be transmitted from the Transmitter 
Data Register (least significant bit first). The higher order 
bits follow In order. Unused bits in this register are "dont 
care". 

The Receiver Data Register holds the first received data bit 
In bit (least significant bit first). Unused high-order btts 
are "0". Parity bits are not conMned In the Receiver Data 
Register. They are stripped off after bttna iMggi for parity 
checking. 

STATUS REGISTER 

Fig. 4 indicates the format of the C0P66S3 Status Register. 
Ad^ription of each status bit follows. 
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PARITY ERROR* 
0- NO PARITY ERROR 
1 - PARITY ERROR DETECTED 

' FRAMING ERAOR* 

- NO FRAMING ERROR 

1 - FRAMING ERROR DETECTED . ; , 

■ OVERRUN* 
0- NO OVERRUN 
1 - OVERRUN HAS OCCURRED 

' RECEIVER DATA REGISTER FULL 
0- NOT FULL 
1 - FULL 

- TRANSMITTER DATA REGISTER EMPTY 
0- NOT EMPTY 

1 - EMPTY 

- DA TA CA RRIER DETECT (DCD) 

- K5 LOW (DETECT) 

1 - ICIS HIGH (NOT DETECTED) 



' DATA SET READY (53% 
0-^ LOW (READY) 

1 - ran HIGH mm ready) 



r(iiiq) 

0- NO iMTEmuPT (imS 

1- INTERRUPT HAS " 

■NO INTERRUPTS OCCUR FOR 
THESE CONDITIONS 



lOH) 

loimOp 



HARDWARE RESET (RES) 
PROGRAM RESET 
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Fig. 4 - StatM rpgMar format 



RMMlMf Data Raglster Full (Bit 3) 

This bit goes to a " 1 " when the CDP6853 transfers, data from 
the Receiver Shift Register to the Receiver Data Register, 
and goes to a tT when the proc«nor «nda't>«B Receiver 
Data Register. 

Transmitter Data Register Empty (Bit 4) 

This bit goes to a "1 " when the CDP6853 transfers data from 
the Transmitter Data Register to the Transmitter Shift 
Register, and goes to a "0" when the processor writes new 
data onto the Transmitter Data Register. 

Data Carrier Detect (Bit 5) and 
Data Set Ready (Bit 6) 

These bits reflect the levels of the DCD and DSR inputs to 
the CDP6853. A "0" indicates a low level (true condition) 
and a "1" indicates a high (false). Whenever either of these 
inputs change state, an immediate processor Interrupt 
occurs, unless the CDP6853 Is disabled (bit of the 
Command Register Isa "0"). When the Interrupt occurs, the 
status bits will Indicate the levels of the inputs Immediately 
after the change of state occurred. Subsequent level 
changes will not affect the status bits until the Status 
Register is Interrogated by the processor. At that time, 
another interrupt will Immediately occur and the status bits 
will reflect the new Input levels. 

Framing Error (Bit 1), Ovamin (2), and 
Parity Error (Bit 0) 

None of these bits causes a processor interrupt to occur, 
but they are normally checlced at the time the Receiver Data 
Register is read so that the validity of the- data ean be 
verified. 

lnterrapl(Btt7) 

This bit goes to a "0" when the Status Register has been 
read by the processor, and goes to a "1 " Wtienever any kind 
of interrupt occurs. 



The Control Register selects the desired transmitter baud 
rate, receiver cliidk lldar^i woMf t^Hgth, and the number of 
stop bits. 

Selected Baud Rata (blU 0,1,2,3)'' ' 

These bits, set by the processor, select the Transmitter 
baud rate, which can be at 1/1 6 an external clocl( rate or one 
of 15 other rates controlled by the internal baud rate 
generator as shown In Fig. 5. 



WL1 I WLO SBR3|SBR2lSBR1|SeR0' 
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HARDWARE RESET (RES) 
raOGRAM RESET 



t/16X EXTERNAL CLOCK 



SELECTED BAUD RATE (SBR) 
^ 2 1^ O 
00 
000 1 
00 10 
OO 1 1 
100 

10 1 
0110 
0111 
1000 

1 001 
1010 
10 11 
1100 
110 1 



50 
75 

109.92 
134.58 
150 
300 
600 
1200 
1800 
2400 
3600 
4600 
7200 
9600 
19200 



BAUD 
BAUD 
BAUD 
BAUD 
BAUD 
BAUD 



BAUD 
BAUD 
BAUD 
BAUD 
BAUD 
BAUD 
BAUD 
BAUD 



1 1 1 
1111 



RECEIVER CLOCK SOURCE (RCS) 

- EXTERNAL RECEIVER CLOCK 

1 - BAUD RATE 

WORD LENGTH (WL) 

£S 

OO a BITS 

1 7 BITS 

1 O 6 BITS 

1 1 5 BITS 

STOP BIT NUMBER (SBN) 

0- 1 STOP BIT 
1 -2 STOP BITS 

- 1-1/2 STOP BITS 

FOR WL 5 AND NO PARrnr 

- 1 STOP BIT 

FOR WL 8 AND PARITY 



CD uj 



UJ 



Fig. B - CDPeaSS control ragMW. 



Recahwr Clock Source (Bit 4) 

This bit controls the clock source to the Receiver. A "0" 
causes the Receiver to operate at a baud rate of 1/16 an 
external clock. A "1" causes the Receiver to operate at the 
same baud rate aa tsseJected for the transmitter as shown In 
Fig. 5. 

Worti Length (Bits 5,6) 

These bits determine the word length to be used (S, 6, 7 orS 
bits). Fig. 5 shows the configuration for each number of bits 
desired. 

Step Bit Number (Bit 7) 

This bit determines the number of stop bits used. A "0" 
always indicates one stop bit. A "1 " indicates 1 stop bits if 
the word length is S with no parity selected, 1 stop bit if the 
word length is B with parity selected, and 2 stop bits in all 
otm eonfjou rations. 



CDP6853 INTERNAL ORGANIZATION (Cont'd) 



COMMAND REGISTER 

The Command Refiststi- ©i?jatrai«.iSPf^Wc mptfes and 
functions (Fig. 6). 

Data Tarmlnal Ready (Bit 0) - 

Ttiis bit enables all selected int errup ts and controls the 
state of the Data Terminal Ready (DTR) line. A "0" indi cates 
the microcomputer system Is not ready by setting the DTR 
line high. A "1" in dicate s the microcomputer system is 
ready by setting the DTR line low. When the DTR bit Is set to 
a "0", the receiver and transmitter are both disabled. 

Receiver Interrupt Control (Bit 1) 

This bit disables the Receiver from generating an Interrupt 
when set to a "1". The Receiver Interrupt is enabled when 
this bit is set to a "0" and Bit Is set to a "1 ". 

Transmitter Interrupt Control (Bits 2,3) 

These bits control the state of the Ready to Send (RTS) line 
and the Transmitter Inter rupt. Fig. 6 shows the various 
configurations of the RTS line and Transmit interrupt bit 
s^ngs. 

Receiver Echo Mode (Bit 4) 

This bit enables the Receiver Echo Mode. Bits 2 and 3 must 
also be zero. In the Receiver Echo Mode, the Transmitter 
returns each transmission received by the Receiver delayed 
by ''A bit time. A "1" enables the Receiver Echo Mode. A "0" 
bit disables the mode. 

Parity Mode Enable (Bit 5) 

This bit enables parity bit generation and checl<ing. A "0" 
disables parity bit generation by the Transmitter and parity 
bit checidng by the Receiver. A "1" bit enabtes generation 
and checking of parity bits. 



Parity Mode Control (Bits 6,7) 

These bits determine the type of parity generated by the 
Transmitter, (even, odd, rnari^ or space) and the type of 
parity checi( done by the Receiver (even, odd, or no checi<). 
Fig. 6 shows the possible bit configurations for the Parity 
Mode Control bits. 

TRANSMITTER AND RECEIVER 

Bits 0-3 of the Control Register select divisor used to 
generate the baud rate for the Transmitter. If the Receiver 
clocl< is to use the same baud rate as the transmitter, then 
RxC becomes an output and can be used to slave other 
circuits to the CDP68S3. Fig. 7 shows the transmitter and 
Receiver layo.ut- 
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TRANSMITTER 
SHIFT REGISTER 



PMCl|PMcT 



■vil 



TIC 
TIC1 I TICQ 



0|0 | | 0. £ 0^ O. HARDWARE RESET (RESJ 
Q PBO^WU HESET 



- DATA TERMINAL READY (DTR) 

- DATA TERMINAL NOT READY (DTr PIN HIGH) 

1 - DATA TERMINAL READY (DTR PIN LOW) 

- RECEIVER INTERRUPT CONTROL (IRD) 

- RECEIVER INTERRUPT ENABLED 

1 - RECEIVER INTERRUPT DISABLED 

- TRANSMITTER INTERRUPT CONTROL (TtC) 

jffS-HIGH, TRANSMIT INTERRUPT DISABLED* 

1 BT5- LOW. TRANSMIT INTERRUPT ENABLE 

1 O lBg~ fjOWL TIBAWSMIT INTERRUPT DiaAM^ 
1 1 lt11:-L0W^ TRANSMIT INTERRUPT DISABLB) 

TRANSMIT BREAK ON; t X D 

- RECEIVER ECHO MODE (REM) 

- RECEIVER NORMAL MODE 

1 - RECEIVER ECHO MODE* 

■ PARITY MODE ENABLE (PME) 
0- PARITY MODE DISABLED 

NO PARITY BIT GENERATED 
PARITY CHECK DISABLED 
1 - PARITY MODE ENABLED 

■ PARITY MODE CONTROL (PMC) 
Z 6 

ODD PARITY TRANSMITTED/RECEIVED 

1 EVEN PARITY TRANSMITTED/RECEIVED 

1 MARK PARITY BIT TRANSMITTED 

PARITY CHECK DISABLED 
1 1 SPACE PARITY BIT TRANSMITTED 
PARITY CHECK DISABLED 



7artf o« Ij.iJSI 



■1* . 



-BtT8 2 AND3 MUST BE ZERO FOR RECEIVER ECHO MODE. RTS WILL BE LOW. 



&{^^^ command reffiatar. 
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CDP6B53 OPERATION (Conrd) 
TRANSMITTER AND RECEIVER OPERATION 



ConHnuoiM Data Transmit (Fig. 8) 

I n th e normal operating mode, the processor Interrupt 
(IRQ) Is used to signal when the CDP6853 is ready to accept 
the next data word to be transmitted. This interrupt occurs 
at the beginning of tt)« Start Bit. When the processor reads 



the Status Register of the CDP6853, the interrupt is cleared. 
The processor must then identify that the Transmit Data 
Register Is ready to be loaded and must then load it with the 
next data word. This must occur before the end of the Stop 
Bit, otherwise a continuous "MARK" will be transmitted. 
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Fig. a - Contlnuoua data traimmlt 



Continuous Data Receive (Fig. 9) 

Similar to the atwve case, the normal mode is to generate a 
processor Intamipt when the GBPOS^ haa raeMvad afuil 



data' word. This occurs at about the 8/1 6 point through the 
Stop Bit. The processor must read the Status Register and 
read the data word before the next interrupt, otherwise the 
OVieMiit cotMimah occurs. 
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COPeaSS operation (Cont'd) 



Transmit Data Register Not 
By Processor (Fig. 10) 

If the processor is unable to load the Transmit Data Register 
In the allocated time, then the TxD line will go to the 
"'MARK" condition until the data is loaded. fM^S ititernipts 



continue to occur at the same rate as previously, except no 
data is transmitted. When the processor finally loads new 
data, a Start Bit Immediately occurs, the data word 
transmission is started, and another interrupt is initiated, 
signaling for the next data word. 



COKTIHUOUB "lUllir 




PROCESSOR 
INTERRUPT 
FOR DATA 
REGISTER 
EMPTY 



PROCESSOR 
DOES NOT LOAD 
NEW DATA IN 
TIME 



INTERRUPTS 
CONTINUE AT 
CHARACTER RATE 
EVEN THOUGH 



WHEN PROCESSOR FINALLY LOADS 
NEW DATA, TRANSMISSION STARTS 
IMMEDIATELY AND INTERmPT 
OCCURS, INDICATHMTfUMSHIT 
DATA REGISTER EMPTY 
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Fig, to 



■ Transmit data raglatar not loaded by procaaK^ 



Effect of CTS on Transmitter (Fig. 11) 

CTS is the Clear-to-Send Signal generated by the modem. 
It is normally low (True State) but may go high In the event 
of some.modem problems. When this occurs, the TxD line 
bnmedMely goes to the ''MAat(^^«Ql1d)t|pn, IffiiiHWP^ 



continue at the same rate, but the Status Register does not 
indicate that the Trans mit D ata Register is empty. Since 
ther e is n o status bit for CTS, the processor must deduce 
that CTS ha s gon e to the FALSE (high) state. This is 
covered later. CTS is a transmit controi line only, and has no 
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Bo 



CLBW-TO'apHD 



■-1 



NOT CUe^H-TO'lgND 



CTS GOES HIGH. 
INDICATING MODEM 
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, Kj^VEMTAXxD 
WiiMATBYQeES 
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NEXT 

PROCESSOR 
INTERRUPT 
AT NORMAL 
START BIT 
TIME 



PROCESSOR READS 
STATUS REGISTER. 
SINCE DATA REGISTER 
IS NOT EMPTY. PROCESSOR 
MUST DEDUCE THAT 

IS SOURCE OF 
INTERRUPT (THIS IS 



f/fl. 77 - EffBct of CTS on tranamimr. 
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CDPMS3 OPERATION (Cont'd) 



Effect of Overrun on Receiver (Fig. 12) 

If the processor does not read the Receiver Data Register in 
the allocated tlm^, then, when the following interrupt 
occurs, thBmwdat»w9rd iKnot^nsforradilotiw Bmb^mm' 



Data Register, but the Overrun status bit Is set. Thus, the 
Data Regi^er will contain ths last wUd data word received 
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PROCESSOR 
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Echo Mode Timing (Fig. 13) 

In Echo Mode, the TxD line re-transmitsthedataonthe RxD 
line, delayed by of the bit time. 



RxD ^ j S 



Bft P STOP START Bq 



TxD P STOP 



-1/2 DATA BIT DELAY 



v> 



Fig. 13 - Echo mode timing. 
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CDP6853 OPERATION (Cont'd) 



Effect of CTS on Echo Mode Operation (Fig. 14) 

See "Effect of CTS on Transmitter" for the effect of C TS on 
ttw '^gminritler.' Jteoaiiii«--«p«ratlon Is unaffected by CTS, 
m, in ii^o Mode, the Tj«iwimiit.\if'»MmimiiWMmmtmm 



way as "Effect of CTS on Transmitter". In this case, 
however, the processor interrupts signify that the Receiver 
Data Register is fuU, ao the mo^aor has no way of 
imwiiiilwii HHiOTlWTi ailMMIiifWMMiiuUi] tyech 
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Fig. 14 - Ettect of CTS on echo mode. 



Overrun In Echo Mod* (Ho- IS) 

# @wwam occurs In Echo Mode, the Receiver Is affected the 
WKlMi^ as described In "Effect of Overrun on Receiver". 



For the re-transmitted data, when overrun occurs, the TxD 
ilne goes to the "MARK" condition until the first Start Bit 
itfter the Receiver Data Regiater Is read by the processor. 
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Fig. 15 - 0¥9rrwi In 9eho moeto. 
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CDP6B53 OPERATION (Conrd) 



Framing Error (Fig. 16) 

Framing Error is caused by the absence of Stop Bit(s) on 
received data. The status bit is set when the processor 



Interrupt occurs. Subsequent data words are tested for 
Framing Error separately, so the status b^i wMl always 
reflect the last data word received. 
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NOTES: 

1. FUMING ERROR DOES NOT 
INHIBIT RECEIVER OPERATION. 

2. IF NEXT DATA WORD IS OK. 
FRAMING ERROR IS CLEARED. 




PROCESSOR 
INTERRUPT, 
FRAMING 
ERROR 
BIT SET 
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Fig. 16 - Framing sreor. 



Effect of DCD on Receiver (Fig. 17) 

DCD Is a modem output used to Indicate the status of the 
carrier-frequency-detection circuit of the modem. This line 
goes high for a loss of carrier. Normally, when this occurs, 
the modem will stop transmitting data (RxO on the CDP88S3 
some time later. The CDP68S3 will cause a processor 
Interrupt whenever DCD changes state and will indicate this 



condition via the Status Register. 

Once such a change of state occurs, subsequent transitions 
will not cause Interrupts or changes In the Status Register 
until the first interrupt is serviced. When the Status Register 
Is read by the proces sor, the COP68S3 automatically 
ch^ks tfie level of the DCD line, and If it has changed, 
another interrupt occurs. 
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Fig. 17 - ElhdslW^ on neaNtr. 



5-ai3 



CDP6853 



CDP68S3 OPERATION (Cont'd) 

Timing with IVb Slop Bite (Fig. 18) 5-bit data words with no parity bit. in this case, tlw 

processor interrupt for Receiver Data Register Fuii occurs 
It is possible to select VA Stop Bits, but this occurs only for halfway through the trailing half-Stop Bit. 



•1 



RXD I START 



START 



PROCESSOR INTERRUPT 
OCCURS HALFWAY 
THROUGH THE 1/2 
STOP BIT 



Fig. 18- Timing with 1-1/2 stop bits. 
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Transmit Continuous "BREAK" (Fig. 19) 

This mode is selected via the CDP6853 Command Register When the Command Register Is programmed back to 
and causes the Transmitter to send continuous "BREAK" normal transmit mode, a Stop Bit Is generated and normal 
characters after both the transmitter and transmitter-holding transmission continues, 
registers have been emptied. , r ^ - 
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Fig. 19- Transmit continuous "BREAK". 



Recel««ConJhMioitt"mEAir(ng.2^ 

In the event 'ttie modem transmits continuous "BREAK" 



characters, the CDP6853 will terminate receiving. Reception 
will resume only after a Stop Bit is encountered by the 

copessa. 
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Fig. 20 - Reeem eononuoua "BKAK". 
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CDP6853 OPERATION (Cont'd) 



STATUS REGISTER OPERATION 

Because of the special functions of the various status bits, 
there is a suggested sequence for checking them. When an 
interrupt occurs, the CDP68S3 should b* interrogated, jn 
follows: ■ 

1. Read Status Register 

This operation autom atica lly clears Bit 7 (IRQ). S\ib- 

sequenttransitlOMon^land^SGlMU^IKIirMM 

interrupt. 

2. Check IRQ Bit 

If not set, interrupt source is not the CpP68S3. 

3. Check DCD and DSR 

These must be compared to their previous levels, which 
m ust have been saved by the processor. If they are both 
"0" (modem "on-line") and they ar^ uiichanged then 
the remaining bits must be checked. 

4. Check RDRF (Bit 3) 

Check for Receiver Data Register Full. 

5. Check Parity, Overrun, and Framing Error (6118 0^2) 
Only if Receiver Data Register is Full. 

6. Check TORE (Bit 4) 

Check for Transmitter Data Register Empty. 

7. If none of the above, then CTS must have gone to the 
FALSE (high) state. 

PROGRAiUMED RESET OPERATION 

A program reset occurs when the processor performs a 
write operation to the CDP6853 with ADO high and AD1 
low. The program reset operates somewhat different from 
the hardware reset (RES pin) and is described as follows: 
1 . Internal registers are not completely cleared. The data 

sheet indicates the effect of a program reset on Internal 

registers. 



2. The DTR line goes high immediately. 

3. Receive r and transmitter interrupts are disabled immed- 
iately. If IRQ is low when the reset occurs, It s ta^re l ow 
uritl l serviced, unless Interrupt was caused by DCD or 
DSR transition. 

4. DCb and DSR Interrupts d isab led Irnmediately. If IRQ 
is low and was cau sed b y DCD or DSR, then it goes 
high, also DCD and DSR status bits subsequently will 
follow the Input lines, although no interrupt will occur. 

5. Overrun cleared, if set. 

MISCELLANEOUS NOTES ON OPERATION 

1. If Echo Mode is selected, RTS goes low. 

2. If Bit of Command Register Is "0" (disabled), then: 

a) All i nterr upts d isabled, including those caused by 
DCD and DSR transitions. 

b) Receiver disabled, but a character currently being 
received will be completed first. 

c) Transmitter is disabled after both the Transmit 
Data and Transmit Shift Registers have been 
emptied. 

3. Odd parity occurs when the sum of all the "1" bits in the 
data word (including the parity bit) Is odd. 

4. In the receive mode, the received parity bit does not go 
into the Receiver Data Register, but is used to generate 
parity error for the Status Register. 



5. Transmitter and Receiver may be in full operation 
simultaneously. This is "full-duplex" mode. 

6. If the RxO line inadvertently goes low and then high 
during the first 9 receiver clocks after a Stop Bit; will 
result in a false Start Bit. 

For false Start Bit detection, the CDP6853 does not 
begin to receive data. Instead, only a true Start Bit 
initiates receiver operation. 

7. Precautions to consider with the crystal oscillator 
circuit 

the XTLI input may be used as an external clock 
input. The XTLO pin mutt be floating and may not 
foe -used for any other funetlan. 

8. DCD and DSR transitions, although causing immediate 
processor interrupts, have no effect on transmitter 
operation. Data will continue to be sent, unless the 
processor forces transmitter to turn off. Since these are 
high-impedance inputs, they must not l>e permitted to 
float (un-connected). if unused, ttiey must b^termlnated 
either to GND or Vdo. < 



GENERATION OF NON-STANDARD BAUD RATES 
OMsors 

The internal counter/divider circuit selects the appropriate 
divisor for the crystal frequency l>y means of bits 0-3 of the 
CDP6853 Control Register. 

The divisors, then, aredetermined by bits 0-3in the Control 
Register and their values are shown in Table 11 

Generating Other Baud Rales 

By using a different crystal, other baud rates may be 
generated. These can be determined by: 

Crystal Frequency 



Baud Rate 



Divisor 



Furthermore, it Is possible to drive the CDP6853 with an 
off-chip oscillator to achieve the same thing. In this case, 
XTLI (pin 6) must be the clock Input and XTLO (pin 7) must 
be a no^^cftifiiwct. 



DIAGNOSTIC LOOP-BACK OPERATING MODES 

A simplified block diagram for a system Incorporating a 
CDP68S3 ACIA is shown in Fig. 21. 

Occasionally it may be desirable to include In the system a 
facility for "loop-back" diagnose testing, of which there 
are two kinds: 

1. Local Loop-Back 

Loop-back from the point of view of the processor. In 
this case, the Modem and Data Link must be effectively 
disconnected and the ACIA transmitter connected 
back to Its own receiver, so Hiat the processor can 
perform diagnostic checks on the system, excluding 
the actual data channel. 

2. Remote Loop-Back 

Loop-back from the point of view of the Data Link and 
Modem. In this case, the processor. Itself, is discon- 
nected and all received data is immediately retrans- 
mitted, so the system on the other end of the Data Link 
may operate Independent of the local system. 
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CDP6853 

CDP6853 OPERATION (Confd) 
Table n - Divisor Selection lor the CDP6853 





CONTROL 




DIVISOR SELECTED 


BAUD RATE GENERATED 


BAUD RATE GENERATED 




REGISTER 




FOR THE 


WITH 1.8432 MHz 


WITH A CRYSTAL 




BITS 




INTERNAL COUNTER 


CRYSTAL 


OF FREQUENCY (F) 


3 


2 


1 

























No Divisor Selected 


1/1 6 of Exterosi qi<ic]^ «t Pin xtli 


1/j^{|l^;|^l|l|£^8tlln XTLI 










1 


36.S64 


1.8432 xicr 


= 50 


F 





36.864 










■t . 


«. 




1.8432x10" 


s 75 


F 


24.576 












.1' ' 1,'. , •, ■- -- jj-.i ^ 1 


1.8432x10' 




p. . 





tt> 


1 tf ... 


1 


16.768 




109.92 




16.768 " 







1 








13,696 


1.8432x10' 


134.58 


F 


13.696 " 


13.698 





1 





1 


12.288 


1.8432x10' 


= 150 


F 


12.288 ' 


12.288 












1.8432x10' 




F 





1 


1 





6,144 




= 300 




6.144 


6.144 





1 


1 


1 


3.072 


1.8432x10' 


= 600 


F 


3.072 


3.072 













1.536 


1.8432x10' 


1200 


F 




1.536 - 


1.536 










1 


1.024 


1.8432 X 10' 


1800 


F 




1 .024 " 


1.024 







1 





768 


1.8432 x 10° 


2400 


F 




768 - 


768 







1 


1 


512 


1.8432x10' 


3600 


F 







51? 




1 








384 


1.8432x10' 


4800 


F 




384 


384 




1 





1 


256 


1.8432 X 10° 


7200 


F 






256 




1 


1 





192 


1.8432x10' 


9600 


F 




192 , " 


192 




1 


1 


1 


96 


1.8432x10' 


19200 


F 




96 


96 



' tin. 




PROGRAM 




SYSTEM 




I/O 




COP6853 


ROM 




RAM 




CONTROL 




ACIA 



TO DATA LINK 

92CS-370Z2 



Fig. 21 - Simplified system diagram. 
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CDP68B3 OPERATION (Cenrd) 



nrs DTR TxD 



Rid dco cn dm 



KL 




1Y 

2r 


4Y 
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3A 

u 


IB 
4B 



4y 

CD74HC157 
1B 1* 
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» M 
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NOTES: 1. HIQH ON LLB SELECTS LOCAL LOOP-BACK MODE. 

J. _HiaH OH CD74HC1Sr SELECT INPUT GATES "V INPUTS 
TO -Y- OUTPUTS: LOW GATES "A" TO "Y". 



Fig. 22 - L o o p-bme k dmutt tchtmatlc. 



The CDP6853 does not contain automatic loop-back 
operating n^odes, but they may be Implemented with the 
addition of a small amount of external circuitry. 

Fig. 22 indicates the necessary logic to be used with the 
CDP6853. 

The LLB line lathe positive-true signal to enable local loop- 
back operation. EMentially, LLB=high does the following: 

1. Disables outputs TxD, DTR, and RTS (to Modem). 

2. Disables inputs RxD, DCD, CTS, DSR (from Modem). 

3. Connects tnuwiiiitter outputs taj 

inputs: 

a) TxD to RxD 

b) DTR to DCD 

c) STstoCTS" 



LLB may be tied to a peripheral control pin to provide 
processor control of local loop-back operation. In this way, 
the processor can easily parfoisftlaeal leap-back diagnostic 

testing. 

Remote loop-back does not require this circuitry, so LLB 
must be set low. However, the processor must select the 
following: 

1 . Control Register bit 4 must be "1 ", so that the transmitter 
clock=receiver clock. 

2. Command Register bit 4 must be "1" to select Echo 



3. Command Register bita 3 and 2 must be "1" and "(T, 
respeeMwelyf to Aaalile transmitter Interrupts. 

^. Commmd-Regisler bitl must be to disable receiver 
Interrupts. 

In this way, the system fe-transmitS'Meeived data witl<out 
any effect on the local system. 
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CDP68S3 



DYNAMIC ELECTRICAL CHARACTERISTICS— BUS TIMING. Voo = 
Ta = -40 to -tflS'C Cl > 75 pF, Sm ns*. 29, 2*. 2S. 



5 V dc ± 5%, Vss = V dc 



•DENT. 
NUMBER 






LIMITS 




CHARACTERISTIC 




CDP6S53 


CDP6853-2 


COP6853-4 


UNITS 






MIn. 


Max. 


MIn. 


Max. 


MIn. 


Max. 




1 


Cycle Time 


tcYC 


953 


DC 


500 


DC 


250 


DC 




2 


Pulse Width, DS/E Low or RD/WR High 


PWel 


300 


— 


125 


— 


90 


— 




3 


Pulse Width, DS/E High or Rt)/WR Low 


PWeh 


325 


— 


145 


— 


70 


— 




4 


Clock Rise and Fall Time 


t„ti 


— 


30 


— 


30 


— 


30 




8 


R/W Hold Time 


tflWH 


10 


— 


10 


— 


5 


— 




13 


R/W Set-up Time Before DS/E 


Irws 


15 




10 




5 






14 


Chip Enable Set-up Time Before AS/ ALE F«dl 


tcs 


55 


— 


20 


— 


10 


— 




15 


Chip Enable Hold Time 


tcH 





— 





— 





— 




18 


Read Data Hold Time 


toHR 


10 


100 


10 


40 


10 


20 


ns 


21 


Write Data Hold Time 


toHW 

















24 


Muxed Address Valid Time to AS/ALE-pwl - 


tASL 


50 




20 




10 






25 


Muxed Address Hold Time 


tAHL 


50 




15 




5 






26 


Delay Time, DS/E to AS/ALE Rise 


tASD 


50 
















27 


Pulse Width, AS/ALE High * 


PWash 


100 




45 




20 






28 


Delay Time, AS/ALE to DS/E Rise 


t«SED 


90 




20 




10 






30 


Peripheral Output Data Delay Time 
From DS/E or RD 


toDR 


20 


240 


10 


70 


5 


35 




31 


Peripheral Data Set-up Time 


tosw 


220 




IIP 




55 







NOTE: Designations E, ALE, RD and WR refer to signals from non-680S type microprocessors. 
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Fig. 23 - Bus timing wtmform* of CDPe«S3, 



CDP6853 



ALEIAOORESS LATCH ENABLE) 
(AS PIN) 



RD (READ OUTPUT ENABLE) 
(D5 PIN) 



WR (WR1TE_ENABLE) 
IR/W PIN) 



CE CHIPIENABI 



ADO- A07 
(AOORESS/DATA BUS) 




Fig. 24 - Bus-read timing waveforms of 8065 multiplexed bus. 

-©- 



ALEtADDRESS LATCH ENABLE) 
(AS PIN) 



RD ( READ OUTPUT ENABLE) 
(OS PIN) 




note.-Vhioh -Vdd-zv, Vlow ■ 0-8V. for VDo-5Vi|0% 

Fig. 25 - Bus-write timing waveforms of 8085 multiplexed bus. 

DYNAMIC ELECTRICAL CHARACTERISTICS - TRANSMIT/RECEIVE, See FIgt. 26, 27 and 28. 

Vdd = 5 V ± 5%, Ta = -40° to +85° C 



at 

^< 
CD u 

III 

0. 







LIMITS 




CHARACTERISTIC 




CDP6853 


CDP6a53-2 


CDP6853-4 


UNITS 






MIn. 


Max. 


MIn. 


Max. 


Min. 


Max. 




Transmit/Receive Clock Rate 


tccr 


400* 




325 




250 






Transmit/Receive Ciock High Time 


tcH 


175 




145 




110 






Transmit/Receive Clock Low Time 


tcL 


175 




145 




110 






XTLI to TxD Propagation Delay 


too 




500 




410 




315 


ns 


RTS Propagation Delay 


toLY 




500 




410 




315 




IRQ Propagation Delay (Clear) 


tlRQ 




500 




410 




315 




RES Pulse Width 


tnis 


400 




300 




200 







(t„ti= 10 to 30 ns) 

'The baud rate with external clocking Is: Baud Rate=. 
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lexTecr 



CDP6853 



XTLI 

(TRANSMIT) 
CLOCK INPUT) 



-•CH- 



•do- 




note: t»d rate is 1/16 txc rate 

MCS-367TS 



Fig. 26 - Tnmmlt-tlmlng wavatormf w^jucMtoa' clock. 



BTW.BfS 



Tr5 

I CLEAR! 



J — V 



Fig, 27- Marmpt- tmetm/^gmilfl^fimnloima. 



R«C 

(INPUT) 



\ / — ^ 



NOTEi RxD RATE IS 1/16 R«C RATE 

Fig. 28 - Recelva txfrnal clock timing wmnl o i m*. 



1.S432 MHi Q ^ 
CRYSTAL 



I 



T 



EXTERNAL 
TRANSMITTER - 
CLOCK 



C- 10-50 pF 
INTERNAL CLOCK 



EXTERNAL CLOCK 

92CS- 42341 



Fig. 29 - Transmitter c/oc/r generation. 



SPI SERIAL BUS PERIPHERALS 
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SPI SERIAL BUS PERIPHERAL DATA SHEETS 

CDP68HC68/^ CMOS Serial 10-Bit A/D Converter , 6-3 

CDP68HC68P1 CMOS Serial S-BK Input/Output Port 6-20 

CDP68HC68R1 . CMOS 12B Word (CDP68HC68R1 ) and 256 Word (COP68HC68R2) 

CDP68HC68R2 by 8-Bit SMio RAMs 6-28 

CDP68HC68S1 Serial Multiplexed Bus Interface 6-34 

CDP68HC68T1 CMOS Serial Real-Time Clock With RAM and Power Sense/Control 6-48 

CDP68HC68W1 CMOS Serial Digital Pulse Width Modulator 6-66 

COMPATIBLE PRODUCTS (See Note) 

CA3282 Octal Low Side Power Driver with Serial Bus Contiel AnsweiFAX Document Number 2767 



NOTE: Cornpatible Products listed are not located WHhln this data book, but may be aeqiiMttaDU^ Pleasareisr 

to Section 9 for further information. 
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S HARRIS CDP68HC68A2 



November 1994 



CMOS Serial 10-Btt A/D Converter 



Features 

• 10-Blt Resolution 

• 8-Blt Mode for single Data Byte Transfers 

• SPI (Serial Peripheral Interface) Compatible 

• Operates Ratlometrlcally Referencing Vqd o' 3" External Source 

• 14)18 10-Blt Conversion Time 

• 8 Multiplexed Analog Input Channels 

• Independent Channel Select 

• Three Modes of Operation ' 

• On Chip Oscillator 

• Low Power CMOS Circuitry 
» Intrinsic Sample and Hold 

• 16 L«ad Dual-in-Llne Ptastic Package 

• 20 Lead Oual-ln-Une Small Outline Plastic Package 



Pinout 



16 LEAD PLASTIC DIP 

TOP VIEW 



CSC [T 




iU VpD 


\m [T 




is] All 


MISO [£ 




u] AQ 


MOSI [7 




is] MS 


SCK [T 




ia] AM 


CE [e 




n] AI5 


Aiw rr 




io| Aie 


VssH 




7] AI7 



Description 

The CDP68HC68A2 is a CMOS 8-bit or 10-bit successive 
approximation analog to digital converter (A/D) with a standard 
Serial Peripheral Interface (SPI) bus and eight multiplexed analog 
inputs. Voltage referencing is user selectable to be relative to 
either Vqd or analog channel (AlO). The analc^ inputs 
range between Vgs bdA Vqq. 

The CDP68I-IC68A2 empkiys a switched capacitor, suocessiv? 
approximation A/D conversion technique which provides an 
inherent sample-and-hold function. An onchip Schmitt oscillator 
provides the' internal timing for the A/D converter. The Schmitt 
input can be externally clocked or connected to a single, external 
capacitor to form an RC oscillator with a period of approximately 
10-30ns per picofarad. 

Conversion times are proportional to the oscillator period. At the 
maximum specified frequency of 1 Mhz, 10-bit conversions tal<e 
14 microseconds per channel. At the same frequency, 8-bit 

conversions consume 1 2 microseconds per channel. 

The versatile modes of the CDP68HC68A2 allow any combina- 
tion of the eight input channels to be enabled and any one of 



the selected channels to be specified as the "starting" channel. 
Conversions proceed sequentially beginning with the starting 
channel. Nonselected channels are skipped^ Modes can be 
selected to: sequence from ohanniel to channel on command; 
sequence through channels autornEdicallK converting each 
channel one time; or sequence repeatedly thrcxigh all channels. 

The results of 10-tiit converskms are atered hi 8-bif register 
pairs (one pair per channel). The two most significant bits 
are stored in the first register of each pair and the eight least 
significant bits are stored in the second register of the pair. To 
allow faster access, in ifie 8-bit mode, the results of conversions 
are stored in s dn^ n^gislEr per chanrvsl. 

A read-only STATUS register fadlltates monitoring the status of 
conversions. The STATUS register can simply be polled or the 

INT pin can be enabled for interrupt driven communications. 

The CDP68HC68A2 is available in a 16 lead dual-in-line plastic 
package (E suffix) or in a 20 lead dual-In-line small outline 
plastic package (M suffix). 
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Pin Descriptions (Numbers in parenthesis are pin numbers for DIP version) 



OSC (1) Oscillator (Input/Output) 

This pin is user programmable. In tlie "external" mode, the 
clock input for the successive approximation logic is 
appHed to OSC from an external dock source. The input is 
a Schtiiftt trigger input wi^Ich provides exceflent noise 
immunity. In the "internal" mode, a ca^Ksitor is connected 
between this pin and a power supply to form a "one pin 
oscillator". The frequency of the oscillator Is inversely 
dependent on the capacitor value. Differences In period, 
from one device to another, should be antictpated. Systems 
utilizing the Irrternal oscillator must tie tolerant of 
uncertainties in conversion times or provide trimming 
capability on the OSC ce^cltor. See Figure 7 for typical 
frequencies versus capacitance. 

INT (2) Interrupt (Open Drain Output) 

INT Is used to signal the completion of an A/D conversion. 
This output is generally connected, in parallel with a pullup 
resistor, to the Interrupt input of the controlling 
microprocessor. The open drain feature allows w lre- 
NOR'Ing with other Interrupt Inpu ts. T he Inactive state of INT 
Is high Impedance. When a ctive , INT is driven to a low level 
ou'put voltage. The state of INT is controlled and monitored 
by bits in the Mode Select and Status Registers. 

MISO (3) Master-in-Slave-Out (Output) 

Se lal data is shifted out on this pin. Note: data is provided 
most significant bit first. 

MOSI (4) Master-Out-Slave-in (Input) 

Serial data is shifted in on this pin. Data must be supplied 
most significant bit first. Note: this is a CMOS input and 
must be held high or low at all Hnies ti^ minimis device 
current. 

SCK (5) Ssrial Oock (Input) 

Serial data is shifted out on MISO, synchronously, with each 
leading edge of SCK. input data from the MOSI pin is 

iatched, synchronously -: : i trailing edge of SCK. 



ce (6) Chip Enabitt (Input) 

An active HIGH device enable. CE is used to synchronize 
communteations on the SPI lines (MOSI, MISO, and SCK). 
When CE is held In a low state, the SPI logic Is plac^ bl 
a reset mode witti MISO field in a high impedance si&te. ' 
Following a transition from low to high on CE, the 
CDP68HC68A2 Interprets the first byte transferred on 
the SPI lines as an address, if CE is maintained high, 
subsequent transfers are Interpreted as data reads or 
writes. 

AlO/EXT REF (7) Analog Input 0/External Reference 
(Input) 

This input is one of eight analog input chanr^s. Hp function 
is selectable through the Mode Select Register (K^R). If VR ' 
is set high In the MSR, AlO/EXT REF provides an external 
voltage refere nce against which all other inputs are 
measured. AlO/EXT REF must fall within the Vss and Vdq 
supply rails. If VR Is set lo w in t he MSR, Vqd is used as the 
reference voltage and AlO/EXT REF Is treated as any other 
analog input (see AI1 -7). 

All -7 (9-15) Analog Inputs 1-7 (Inputs) 

Together with AlO/EXT REF, these pins provide the eight 
analog Inputs (channels) which are multiplexed within the 
CDP68HC68A2 to a single, high-speed, successive 
approximation, A/D converter. At1-7 tBM^fall within the . 
Vss 3"'' Vdd supply rails. J i 

Vss (8) Negative Power Supply *" ' 

This pin provides the negative analog reference and the 
negative power supply for the CDP68HC68A2. 

Vdd (16) Positive Power Supply > 

This pin provides the positive power supply and, depending 
on the value of the VR bit in the MSR, the positive analog 
reference for the CDP68HC68A2. 
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SpBcineatkms CDP&8HC68A2 



Device Dissipation Per Output Transistor 40mW 

Ta = Full Package Tefnperatut»^ana»(AH Paekag^ Types) 
Operating Temperature Range (Ta) V . .~ -AXfiC to +85°C 

Storage Temperature RangefTsTG) -650C to +1 500C 

Lead Temperature (During Soldering) +2650C 

At Distance 1/16 ± 1/32 In. (1.59 ± 0.79mm) From Case for 

10s Max 

'Printed circut tioard mount STrnm x 57inm mintmum area x 1 J5mn thick 
Q10 fifpoxy glass, or equivalent 



Recommended Operating Conditions Ta = -40OC to +850C. For maximum reliability, device should always be 

operated within the following ranges: 



CHARACTERISTIC 


LIMITS 


UNITS 


MIN. 


MAX. 


DC Operating Voltage Range 


3 


6 


V 



Electrical Characteristic Ta = +250C, Vdd = 5V, except as noted. 





TEST 


LIMITS 




CHARACTERISTICS 


CONDITIONS 


MIN. 


TYP. 


lilA>C.' 


' UNITS 


ACCURACY 


Differential Linearity Eiioi 


10-Bit Mode 




±1.25 


±2 


LSB 


Integral Linear Error 


1 n- Dit ^■v.-!e 




±1.25 


±2 


LSB 


Offset Error 


1 O-Bil ivioae 


-1 


3 


4 


LSB 


Gain Error 


10-Bit Mode 


-1 


1 


2 


LSB 


ANALOG INPUTS: AI0THRUAI7 


Input Resistance 


In Series With Sample Caps 




85 




n 


Sample Capacitance 


During Sample State 




400 




pF 


Input Capacitance 


During Hold State 




20 




pF 


Input Current 


® V|N = Vref+ louring Sample 
During Hold or Standby State 




+30 


±1 


tiA 

mA 


Input + Full Scale Range 




vss 




Vdd + 3 


V 


Input Bandwidth (3dB) 


From Input RC Time ConsiaAf ' 




4.68 




MHz 


Input Voltage Range: AlO 


VR = 1 


3.0 




Vdd 


V 


DIGITAL INPUTS: MOSI, SCK, CE, Ta = -40°C to +850C 


High Input Voltage V|h 


VoD = 3to6V 


70 






% of Vdd 


Low Input Voltage VjL 


VQij = 3to6V 






30 


% of Vdd 


Input Leakage 








±1 


pA 


Input Capacitance 


Ta = +25OC 






10 i 


,PF 


DIGIT/\L OUTPUTS; MISO, INT, Ta = -40°C to +8500 


High Level Output Vqh.MISO 


ISOURCE 6mA 


4.25 






V 


Low Level Output Vql. H^ISO, INT 


lsiNK = 6mA 






0.4 


V 


3 State Output Leakage IqUT. MISO INT 








±10 


MA 


TIMING PARAMETERS Ta = -40OC to +850C 


Oscillator Frequency ^SAMPLE 


10-Bit Mode 


1 1 1 1 MHz 


Conversion Time 


10-Bit Mode 




1 4 Oscillator Cycles 


(Including Sample Time) 


8-Bit Mode 




1 2 Oscillator Cycles 


Sample Time (Pre-Encode) 


8 Time Constants (8x) Required 


First 1.5 Oscillator >8t 


Serial Clock (SCK) Frequency 








1.5 


MHz 


SCK Pulse Width Tp 


Either SCKa or SCKb 


150 






ns 


MOSI Setup Time Tqsu 


Prior to Leading Edge of Tp 


60 






ns 


MOSI HoldTlrne Tqh 


After Leading EdgeofTp 


60 






ns 


MISO Rise &FUI Time 


200pF Load 






100 


ns 


MISO Propagation Delay Tdqd 


From Trailing SCK Edge 






100 


ns 


•dd 


Vqd = 5 Volts, Continuous Operation 




1.4 


2 


mA 


Idd 


Vqq = 3 Volts, Continuous Operation 




0.7 


1.2 


mA 



IVIaximum Ratings Absolute Maximum Values 



DC Supply Voltage Range, (Vdd) "O-SV to +7V 

(Voltage Referenced to Vss Terminal) 

Input Voltage Range, All Inputs -OWtoVoD +0-5V 

DC Input Current, Any One Input ...ii. ±lOmA 

Power Dissipation Per Pacltage (Pd) 

Ta = -400C to +6OOC (Package Type E) soOmW 

Ta = +ecPC to -«-850C (Paelaa|K^%|ia^ . v .'.<iMals Linearly at 

12mW/octo200mW 

Ta = -40°C to +70°C (Package Type M)* 400mW 

Ta = -70°C to +850C (Package Type M)* Derate Lineariy at 



6.0mW/oCto31QmW 
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Notational Conventions 

Thrauf^Kxit ttits specification the following terms and 
notational conventions are used: 

A2 the CDP68HC68A2 

$xx a hexadecimal number- e.g. $3f 

Overview 

From the programmer's perspective, the A2 is comprised 
of three control registers (Mode Select Register - MSR, 
Channel Select Register - CSR, and Starting Address 
Register - SAR), a status register (SR), an array of eight 
pairs of Data Registers, and one non-addressable, internal 
register (Channel Address Register). See Figure 2. 

The A2 containa a high speed, 10-bit, successive approxi- 
matian, mdog to dis^ converter (A to D). The input to the 
A to1Q can be any one of the AS's eight analog inputs (AlO 
through AIT). The contents Of the CAR determine which 
analog Input Is connected to ttie A to D. The result of each 
analog to digital conversion Is written to the Data Register 
array. The Data Register array is also addressed by the 
content^ o(;the (jXilfi prit^lOlna « <in»to one correspoml- 
ence betwaiafKM^ WKrieg input md' each Data R^^^r 
pair. 

The contents of the CAR are also used during Data Register 
reads to address the Data Register array. The CAR is 
automatically jammed with the correct address when an 
Address/Control Byte is sent to the A2. A second means, to 
initialize the CAR, is by writing to the SAR. 

Normal procedure for programming the A2 is to first select 
the desired hardware mode by writing to the MSR. The 
"active" analog channels are then specified by writing to the 
CSR (channels not selected in the CSR are skipped during 
conversions and burst mode reads). Finally, a write to the 
SAR Initializes the CAR (designating the first channel to 
convert) and Initiates the A/D conversions. 



Polling of the SR or hardware interrupts can be used to 
determine the completion of conversions. 

The converted data is read from tine data registers. In eight 
bit mode, a single register is read for each channel of 
interest in ten bit mode, two registers are read per channel. 

Serial Comm unie^itmm^ ■>•• 

Hardware Interface i ^ 

Ail communications between We A2 and ^e Controlling 
processor are carried out over the Serial Peripheral 
Interface (SPI) bus lines (MOSI, MISO, SCK, and CE). The 
SPI bus is directly compatible with the SPI facilities of 
Harris' 68HC05 microcontrollers. Data is transmitted over 
the MISO and MOSI lines syncfir^^nn witti'SCK. Transfers 
are done most significant bit first 

The A2 acts as a "slave" device. The controlling "master" 
signals the A2 that a SPI transfer is to tal<e place by raising 
CE and clocking SCK. A single shift register is used for 
transferring data in and out of the A2. Whenever CE and 
SCK are activated, data is shifted from the master to the 
A2 over the Master-Out-Slave-ln (MOSI) line and, 
simultaneously, during read operations, data is shifted to 
the master from the A2 over the Master-ln-Siave-Out 
(MISO) line. Note that SCK'rmMtie provided by the master 
for both reads and writes. 

To accommodate various hardware systems, the A2 can 
shift data on either the rising or falling edge of SCK. The 
"active" edge is automatically determined by the A2. At the 
moment that CE is first brought to a high level, the state of 
SCK is latched. This latched state determines the interpreta- 
tion of SCK. If SCK is low when CE is activated, data is 
shifted out on MISO on each rising edge of SCK and data is 
latched from MOSI on each falling edge of SCK (see SCKa 
in Figure 3.). If SCK is high when CE is activated, data iS' 
shifted out on MISO on each falling edge of SCK and data 
latohed from MOSI on each rising edge of SCK (see SCKb 
in Figure 3.). 



«00 



$01 



HIGH DATA REGISTER O 



LOW DATA REGISTTER O 



•OF 



$11 
«12 
«13 



HIGH DATA REGISTER 7 



LX>W DATA REGISTER 7 



DATA REGISTERS 



MODE SELECT REGISTER 



CHANNEL SELECT REGISTER 



START ADDRESS REGISTER 



STATUS REGISTER 




CONTROL/STATUS REGISTERS 

naURE 3. A MOaRAIWI^rat HOOEL OF THE pOP88HCe8A2 
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FIGURE 3. TIMING DIAGRAM FOR SERIAL PERIPHERAL INTERFACE 



Hardware Interfacing to 68HC05 Controllers 

When interfacing the A2 to 68HCX)5 controllers, set CPHA = 1 
and CPOL = (0 or 1) In the SPI control register. Note that 
SCK pulses are generated only when data Is written to the 
SR Data Register In a 68HC05. Reading data from or 
writing data to the A2 requires wriHng data to the SPI Data 
Register. The data will be ignored by the A2 for read 
operations. The read data is available to the 68HC05 in 
the SPI Data Register when SPIF is true iri the SPI .Status 
Register. 

Hardware Interfacing to Non-68HC05 Controllers 

Most popular microcontrollers have a synchronous commu- 
nications facility which can be adapted to work with the A2. 
Those that don't can be easily interfaced using port lines to 
synthesize a SPI bus. 

Software Interface 

Reading and writing to the A2 can be performed in either 
single byte or multiple byte (burst) modes. Both modes 
begin the same way: a positive transition is applied to CE (if 
CE is high, it must first be brought low, then returned high); 
an address/control byte is transferred (requires 8 clocks on 
SCK and 8 bits of data on MOSI); and the first byte of data is 
transferred (requires 8 clocks of SCK). In the case of single 
byte mode, the transfer is complete. For multiple byte 
transfers, each series of 8 pulses on SCK produces another 
8 bit transfer (see Figure 4.) 

The format of the address/control byte is shown in Figure 5. 
The most significant bit is the R/Vy_bit. When R/W is 0, read 
operations are to be performed. If R/W is 1 , write operations 
are to be performed. AO through A4 specify the register to 
access. Data Registers are mapped to address $00 through 
$0F. The Control and Status Regi^rs am at locations $10 
through $13 (see Figure 2.). 

When transferring multiple bytes of data, the type of transfer 

- read or write - is fixed by bit seven of the initial address/ 
control byte. After the initial data transfer, the address will 
automatically be adjusted for each subsequent transfer. 

When reading Data Registers in the 8 bit mode, each read 
will advance the address by two, to the next (as specified in 
the CSR) active channel's Low Data Register. In the 1 bit 
mode, following a read of a High Data Register, the address 



is advanced to the Low Data Register of the same channel. 
Reading the Low Data Register then increments the read 
address to the next (as specified in the CSR) active 
channel's High Data Register. Following a read of the last 
(closest to 7) active channel's Data Register(s), the address 
recycles to the first (closest to :Q) 8(^l«e "^annel's Data 
Register(s). '' '' 



ADDRESS BYTE DATA BYTE 



MISO 



TRANSFER CYOLfe 1 ^- « 

PHASE; I " jl 

(4a) Single Byte Transfer. (Requires 2 SPI Transfers) 



ADDRESS DATA 
BYTE BYTE 



DATA • • • DATA 



A0DRC8S: WRfTE A0DR:1 
PHASE: I 



■<mxs>--<s>^ 



(4b) Utirfttpte <N) ,!6yte Tjsn^er. CEfflclant Device Communication 
Risquiring N^1 S(n< Transfer^ 

FIGURE 4. TIMING DIAGRAMS FOR (4a) SINGLE BYTE 
TRANSFER AND {4b) MULTIPLE (N) BYTE 

TRANSFER. 

When reading or writing control registers, the address will 
increment to the next register after each transfer. Once 
address $13 has been reached no more increments are 
performed. This facilitates polling of the Status Register 
(SR) which is located at address $13. If the A2 remains 
selected following a read of SR, each successive 8 bit 
transfer will read the SR again without the need for an 
address/control byte. 
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Programming the CDP68HC68A2 Registers 



Intializing the A2 

The A2 is equipped with a power on reset circuit which clears 
the MSR to all O's. This ensures that INT is in a high 
impedance state and conversions are inhibited. The contents 
of all other registers ate unknown until expficitly InWanzed. No 
other provl^kxis are made tor resetHng the A2. 

Systems which can be reset after power up must reset the A2 
by explicitly writing O's to the MSR. Designs which utilize the 
iNT line must be certain that the MSR is cleared, or the A2 Is 
initialized to a known state, before enabling interrupts. 



It is good practice to include code which initializes the 
A2, to a known stale, at the earliest practical point In 
systems which utilize INT, if a system reset occurs after 
power-up, A2 initialization code must be executed 
before processor interrupts are enabled. 



Address/Control Byte 

The Address/Control Byte is a dual purpose word which 
performs register addressing and read/write control. The 
Address/Control Byte Is the first byte transferred to the A2 
following activation of CE. if CE is active. It must first be 
brought k>w, then neactivatod prfc)r to transferring an 
Address/Control Byte. 



R/W 






A4 


A3 


A2 


A1 


AO 


7 


6 


5 


4 


3 


2 


1 






FIGURE 5. ADDRESS/CONTROL BYTE 

The most significant bit (MSB) of the Address/Control byte is 
R/W. This bit is used to cntrol the flow of data during the 
subsequent SPi date transfers. If R/W is a 0, reads take place. 
If R/W is a 1, writes take place. During read transfers, date is 
shifted out on MISO. During writes, date is shifted In on MOSI 
and MISO is held in a high impedance state. 

The least significant five bits (AO through A4) provide the read 
address. Bits 5 and 6 are not required and can be sent as 
either or 1 (O's are assumed throughout this specification). 
When addressing Data Registers in 8 bit mode, AO is inter- 
nally forced to a 1 . Attempting to read a High Data Register in 
8 bit mode will result in a read of the Low Data Register (after 
which the address will advance to the Low Data Register of 
the next acdve channel). 



This read/write register is used to select the various modes of 
operation of the A2. Bits 6 and 7 are "don't cares" and can be 
set as either 1 or 0. The functions of bits through 5 are as 
follows: 

EXT (External Oscillator): EXT is used to select between an 
extemal or an internal (sin gle p in oscillator) clock source at 
pin 1 (OSC) of the A2. If EXT is low, an extemal c lock is 
selected and the OSC pin functions as an input, if EXT is 
high, an internal clock is selected and the OSC pin functions 
as a one pin oscillator. See Figure 7 i|r%l^eal taK|uencies of 
the internal oscillator. 

VR (Voltage Reference): VR is used to select the source of 
the vdtege reference. When VR is 0, Vqd is used as the full 
scale reference for the /VD converter. When VR is 1 , the 
voltage at AlO serves as the full scale reference for the A/D 
converter. With VR = 1, the digital reading of any active 
channel whk^ exceeds the AiO reference voltege will be 
"clipped" to the full scato value of $3FF ^aP^NSi'^tif ftiode). 

M8 (Eight Bit Mode): This bit selects the 10-bit or 8-bit 
mode of operation. A low (0) in this bit enables the 10-bit 
mo^, while a high (1) enables the 8-blt mode. 

IE (Interrupt Enable): IE is used to enable the iNT output 
function on pin 2. A low (0) disables the interrupt function and 
mainteins iNT In a high Impedance state. A high enables the 
interrupt function, alkiwing \NT to be driven tow at the appro- 
priate times in Modes 1 and 2. 

IVI1, MO (Mode Select 1 and 0): These two bits are used to 
select the conversion mode of the A/D converter. The modes 
are as follows: 



CAUTION: When ac(cfress/ng Data Registers, tfie user 
must ensure that the contents of the CAR match the 
acMsSi-porfta o/ the AMess/Cor^rol Byte. FaSure to 
do so may result In corrupted data. TMs condition 
Is generatty met In Modes 1 and 2. When running in 
Mode 3 special care must be tafcan Id meet this 
requirement. See further explanation under SAR, SR. 
Modes, and Applications Information. 



Mode Select Register (MSR) 

Address/Control: (R/W)0010000 - $10 
Read/Write: Yes 



EXT 



VR 



M8 



IE 



Ml 



MO 



M1 


M2 


MODE 


DESCRIPTION 











Idle 





1 


1 


Single Conversion 


1 





2 


Single Scan 


1 


1 


3 


Continuous Scan 



FIGURE 6. CONVERSION MODES 

Channel Address Reglstsr (CAR) 

Address/Control: Not Addressable 

The CAR conteins the address of the next channel to convert 
during Modes 1, 2, and 3. During multiple byte reads of the 
Data Registers, the CAR conteins the address of the channel 
to read and Is advanced, to the next higher active channel, 
following each read. When advancing, tlie CAR skips any 
channel not selected in the CSR. After incrementing to the 
highest active ctiannel, the CAR will letMRi tp the fowest 
acHve channel. ........< 

The CAR is not directly accessible. It can be jammed via a 
write to the SAR or by transmitting an Address/Control Byte 
which addresses any Data Register, Note: addressing a 
Data Register to set the CAR is valid only under certain 
circumstances - see the following boxed caution. When 
jamming the CAR via the SAR, the specified channel does 
not need to be selected In the CSR. The CAR'S contents are 
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read as part of the SR. See the descriptions of th»SARaniel 

the SR for details. 



CAUTION: When addressing Data Registers, the user 
must ensure that the contents of the CAR match the 
address portion of the Address/Control Byte. Failure 
to do so may result in corrupted data. This condition 
is generally met in Modes 1 and 2. When running In 
Mode 3 special care must be taken to meet this 
requirement. See further explanation under SAR, SR, 
Modes, and AppBcaHqits IntomaiOpn. 



Channel Select Register (CSR) 

Address/Control: (R/W)0010001 - 
Read/Write: Yes 



$11 



C7 


C6 


C5 


C4 


C3 


C2 


CI 


CO 


7 


6 


5 


4 


3 


2 


1 






This read/write register is used to designate the active 
analog input channels. Channels which are not active vj'\\\ 
be skipped during conversions and multiple byte reads, 
unless specifically selected by writing to the SAR. Setting a 
bit high in CSR selects the associated channel, while setting 
a bit low deselects the channel. Each On bit in the CSR 
corresponds to an AIn pin on the A2 device. Example: 
setting 07 = C4 = 1 and setting all other bits to w||l«p(e6t 
AI7 and AI4 as inputs to the A/D multiplexer. 

Starting Address Register (SAR) 

Address/Control: (R/W)0010010 - $12 
Read/Write: Yes 



ENC (Enable Conversions): ENC Is used to, synch- 
ronously, switch on and off the successive approximation A 
to D converter. When this bit is set high, the appropriate 
conversion operation (as defined in the MSR) is initiated. 
Setting the ENC bit low stops the conversion operation. If a 
channel is being converted when ENC is cleared, the 
conversion of that channel will complete and further 
conversions will be inhibited. 

SAE (Starting Address Enable): If the SAR Is written to, 
with the SAE bit high, the CAR is jammed witti the value 
defined by CA2, CA1 , and CAO. If SAE is low, the CA2, CA1 , 

and CAO bits are ignored. 

CA2, CA1, CAO (Channel Address): When writing to the 
SAR with SAE high, CA2, CA1, and CAO form a 3 bit 
channel address which is used to set the CAR and select 
the first channel to be converted or read. Reading the SAR 
returns the previously written values for these three bits. To 
determine the contents of the CAR a read of the Status 
Register (SR) must be performed. 

H/L (High/Low): For most applications, the SAR should be 
written with H/L as a 0. In combination with CA2, CA1 , and 
CAO, this bit is used to select a specific High or Low Data 
Register. H/L only has significance in 10-bit mode. The 10- 
bit read sequence is High Data Register followed by Low 
Data Register for each channel read. When jamming the 
CAR prior to reads, H/L should be set low, unless the user 
specifically wants to skip the first High Data Register. When 
read, this bit, indicates whether the next Data 
Register read_will access the High or Low Data Register. In 
8-blt mode, H/L Is Ignored by the ^ . 



ENC 



SAE CA2 CA1 CAO H/L 



6 



1 



This register is used to enable conversions in all modes and 
Id set the address of the current channel In the CAR. Prior to, 
or simultaneously with, enabling conversions, the CAR must 
be set to a known state via the SAR. Once set, the contents of 
the CAR determine the first channel to be converted when 
conversions are enabled - hence the name "Starting Address 
Register". The CAR may be jammed with the number of a 
channel which Is not selected in the CSR. After the specified 
channel Is inverted, subsequent conversions proceed in 
ascending order, skipping channels not selected in the CSR. 
Therefore, jamming the CAR with a non-selected channel 
number will cause a conversion to be performed on that 
channel once and only once. 

After stopi^ng a Mode 2 or 3 conversion (by siting ENC 
low), the CAR must tje lammed to match itie channel address 
prior to initiating Data Register reads. If an Address/Control 
Byte is sent to tiegin reads from a Data Register other than 
the one currently addressed by the CAR, the contents of the 
Data Register may be cormpted. If the CAR contents are 
known, single or muMple t>yte reads can be p^aperiy rn^de^ 
l>y sending a matching Address/Control Byte. 

Bits 5 and 6 in the SAR are "don't cares" and can be set to 
either O's or 1's. The functions of the remaining bits are 
as follows: 



Status Register (SR) 

Address/Control: 0CX)1001 1 
Read/Write: Read Only 
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This is a read only register used to monitor the status of the 
A to D converter. If an Address/Control Byte of $13 is sent 
to the A2, the Status Register will be addressed and will 
remain addressed until the CE pin is brought low. This 
provides efficient polling of the SR by allowing multiple 
reads of the SR with only one Address/Control Byte 
transmission. 

Bits and 4 of the SR are always read as lows. The 

significance of each of the other bits is: 

INT (Interrupt): In Modes 1 and 2, this bit is set high under 
the same conditions that the INT pin would be activated (see 
Conversion Modes). Once set, the INT bit can be cleared be 
reading the SR, reading any Data Register, or writing to the 
MSR or CSR. The INT bit is not affected by the state of the IE 
bit in the MSR. 

ACC (All Conversions Complete): When high, this status 
bit indicates that conversions have been completed on all 
channels selected in the CSR. It is cleared by reading any of 
the Data Registers or by writing to the MSR or CSR. In 10- 
blt mode, ACC = 1 implies that the DV bits of all active 
channels are true (see Data Registers). This bit is often 
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used in Modes 2 and 3. In Mode 1, ACC will only be set if 
conversions are explicitly Involved (via writes to the SAR) for 
each channel selected In the CSR. 

CIP (Conversion In Progress): This bit is logicaily high 
when a conversion is initiated and goes low when a 
conversion completes. In the scanning modes, Modes 2 
and 3, CIP will go low momentarily between successive 
channels and cannot be used in lieu of ACC In Mode 2. 



NOTE: f'ollQwing a write of $00 to the SAR, to 
termin)i1» Mode 3 conversions, CIP may remain high 
until cleared with a write to the MSR or the CSR or 
with the read of a Data Register or with a write to the 
SAR with ENC or SAE = 1. CIP = 1 is not a true 
indication of an ongoing conversion. See "Mode 3 - 
Continuous Scan". 



CA2, CA1, CAO (Channel Address Register): This three 
bit binary number indicates the current contents of the CAR. 
The CAR is originally set by the user via the SAR (see SAR). 
The CAR is automatically incremented following reads of 
Data Registers and following conversions in the scanning 
modes (Modes 2 and 3). The Status Register can be read at 
any time. Reading CA2 - CAO during Modes 2 and 3 will 
produce changing channel addresses as the conversions 
proceed. 

Data Registers 

Address/Control: 000O00O(H/L) to 00001 1 1 (H/L) - 

$OQ;to$pF 
Read/Write: Read OrilV '• ' ' 
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The Data Registers are used to store the results of A to D 
conversions. There are two registers, a High Data Register 
and a Low Data Register, associated with each channel. 

In 8-blt mode, the High Data Registers are inaccessible, 
and each Low Data Register holds the 8-bit result of the 
most recent conversion of its associated channel. The 
values range from $00 (AIn = Vss) to a 'ull scale reading of 
$FF. During multiple byte Data Register reads, the address 
(held in the CAR) is advanced to the Low Data Register of 
the next active channel (as specified in the CSR) following 
each read. 

In 10-bit mode, bits and 1 of the High Data Register 
together with the contents of the Low Data Register hold the 
result of the most recent conversion to the associated 
channel. The values range from $000 (AIn = Vss) t° ^ full 
scale reading of $3FF. During multiple byte Data Register 
reads, the address (held in the CAR) Is automatically 
advanced from the High Data Register to the Low Data 
Register. Following a read of the Low Data Register, the 
address advances to the High Data Register of the next 
acthre channel (as specified in the CSR). 



Two status flags are maintained for each channel. In lO-bit 
mode these status flags are provided In the High Data 
Register. In 8-bit mode they are not available to the useh 
Their functions are: 

DV (Data Valid): DV indicates whether the corresponding 
channel has been converted since it was last read. DV is set 
upon completion of a conversion on the corresponding 
channel. DV is cleared by reading the Data Register or by a 
write to the MSR or the CSR. 



NOTE: A write to the SAR does not clear the DV flag 
for each channel. This implies that if: conversions 
are completed on all registers selected in CSR; 
conversions stopped; an incomplete read of the Data 
Registers is performed; and conversions reinitiated 
with a write to the SAR - some DVs will still be set. In 
Mode 2, which terminates when all DVs are true (ACC 
goes true), unread channels may not be converted, 
unless CSR is written to, tiefore setting ENC. 



DOV (Data Overrun): DOV indicates that more than one 
conversion has been performed on a channel since it was 
last read. This bit is only valid in Modes 1 and 3. DOV is 
cleared by reading the Data Register or by performing a 
write to the CSR or the MSR. 

Conversion Modes of the 
CDP68HC68A2 

Mode - idle: On power up, the MSR is reset to all O's 

placing the A2 into Mode 0. After power up, the user can 

effectively reset the A2 by selecting Mode via the MSR. 
Setting the A2 to Mode 0, at any time, will abort any 
current conversions an d forc e the INT pin to a high imped- 
ance state. In mode 0, if EXT is high in the MSR, the one pin, 
internal oscillator Is placed in a low power, shutdown mode 
and Internal clocking of the A to D converter is inhibited. If 
EXT is low in the MSR, Internal clocking of the A to D 
converter is inhibited: 

Mode 1 - Single Conversion: In Mode 1, conversions are 
performed on command. After setting Mode 1 in the MSR, 
a write to the SAR with ENC high will initiate a conversion 
on the channel currently selected by the CAR. Note: this 
channel does not have to be active in the CSR. When using 
the internal oscillator, the oscillator is enabled. The CIP flag 
in the SR will be set when the conversion begins. 

Upon completion of the conversion, the INT bit in the SR will 
be set, theCIP flag will be cleared, and, if IE is true in the 
MSR, the INT pin will be driven low (if all channels specified 
in the CSR have been converted since the last Data 
Register read the ACC bit in the SR will also be set). Finally, 
if it's actWe, the internal oscillator will be stopped. 

Another conversion can be Initiated with a write to the SAR. 
However, the normal procedure Is to read the results of the 
first conversion. This does two things: first it clears the INT 
flag (the INT pin Is returned to a high impedance state); 
second a conversion Is automaHcaily staited'en the next 
channel selected in the CSk. TMs fead-converf pattern can 
be continued indefinitely. 

When reading Data Registers in Mode 1 , the user can be 
certain that the contents of the CAR equal the channel 
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number which was just converted. Thus the Address/ 
Control Byte sent prior to the read will automatically match 
the CAR. If a read from a Data Register, other than the one 
just converted, is performed, the CAR must be set to the 
desired register prior to sending the Address/Control Byte. 
Setting CAR is done by writing the SAR with ENC = 0, 
SAE = 1 , and the CA2 - CAO bits equal to the desired 
channel. 

Mode 2 - Single Scan: In Mode 2, when ENC is set In the 
SAR, conversions are performed on all channels selected In 
the CSR. Conversions begin on the channel specified by the 
CAR (this channel does not hava V> be acUve in the CSPti 
and proceed in ascending order unttl all channels sehktod 
in the CSR have been converted. If the sorting channel 
Is not the lowest active channel, when Hie highest ac^ 
channel a done <x>nviert)ng, the CAR advances to the lowest 
active channel and continues from that point until all 
channels have been converted once. 

When ENC is set in the SAR, ttie internal cloci< is activated 
(if selected), the CIP flag is set in the SR, and conversions 
begin. The CIP flag doesn't remain high, as it momentarily 
goes low between each channel conversion. 

When all channels have b een converted the INT and AGO 
flags in the SR are set, the INT pin is driven low (if IE is true 
in the MSR), the CIP flag Is cleared, and. If active, the 
internal oscillator is disabled. 

Data Regieters can safely be redd after all channels have 
been converted. If the^rtlng channel was a chanrwl active 
In the CSR then the CAR will once again tie pointing to that 
channel (providing all channels had been read or CSR or 
MSR written since the last set of conversions - see Note 
below). If a read from a Data Register, other than the one 
first converted, Is performed, the CAR must be set to the 
desired register pWo/- to sending the Address/Control Byte. 
Setting CAR is done by writing the SAR with ENC = 0, 
SAE = 1, and llie CA2 - dAO bits' equal to tite desired 
channel. 



There are two ways to prematurely stop conversons In 
Mode 2. The first is to perform any "abort" action (see Abort 
Modes). Performing an abort, may produce spurious 
conversion values. The second, and preferred means to 
stop a Mode 2 conversion, is to clear the ENC bit by writing 
a $00 to the SAR. Clearing ENC will synchronously stop 
conversions at the end of the current conversion. When 
prematurely stopping coversions, CiP is not valid. The 
CIP flag cannot be used to determine when the current 
conversion is complete. Instead, a time delay equal to one 
conversion time must be built into the software. The 
appropriate delay will ensure the last conversion Is 
complete before Data Register reads begin. 



Prematurely stopping the conversions leaves the CAR in an 
unknown state. One remaining task, before Data Registers 
are read, Is to be certain the contents of the CAR match the 
address sent in the Address/Control Byte. This is done be 
jamming the CAR with a write to the SAR with ENC = 0, 
SAE = 1, and CA2 - CAO equal to the desired channel 
address. 

Mode 3 - Continuous Scan: In Mode 3, when ENC Is set 
In the SAR, conversions are performed on all channels 
selected in the CSR. Conversions begin on the channel 
specified by the CAR (this channel does not have to be 
active in the CSR) and proceed in ascending order for all 
channels selected in the CSR. Each fiide ttie highest active 
channel is done converting, the CAR advances to the lowest 
active cfiahnel and continues from thai point 

When ENC is set in the SAR, the internM clock is activated 
(if selected) and conversions begin. 

When all channels have been converted one time the ACC flag 
in the SR is set. This is the only valid status flag in Mode 3. 
The CIP flag Is not valid in Mode 3. The INT flag and the INT 
pin are both held in a disabled state during Mode 3. 

Data Registers cannot be read until Mode 3 conversions 
have been terminated. There are two ways to stop 
conversons in Mode 3. The first is to perform any "abort" 
action (see Abort Modes). Performing an abort, may 
produce spurious conversion values. The second, and 
preferred means to stop a Mode 3 conversion, is to clear the 
ENC bit by writing a $00 to the SAR. Clearing ENC will 
synchronously stop conversions at the end of the current 
conversion. CIP is not valid following the clearing of ENC. 
The CIP flag cannot be used to determine when the current 
conversion is complete. Instead, a time delay equal to 
one conversion time must be built into the software. The 
appropriate delay will ensure the last conversion is 
complete before Data Register reads begin. 

The Data Registers can safely be read after ENC is cleared 
and one conversion time has elapsed. One remaining task 
is to be certain the contents of the CAR match the address 
sent in the Address/Control Byte. This is done be jamming 
the CAR with a write to the SAR with ENC = 0, SAE = 1 , and 
CA2 - CAO equal to the desired channel address. 

Abort Modes - Any active mode can be aborted by any one 

of the following means: 

1. A write to the MSR 

2. A write to the CSR 

3. A write to the SAR with ENC and/or SAE = 1 

4. A read of any Data Register 

The contents of Data Registers are not guaranteed 
following an abort. WiWng a SQO to ttie MSB is equivalent to 
a reset. 

To synchronously stop conversions in Modes 2 or 3 set the 
SAR to $00 (See Mode 2 and Mode 3). 



NOTE: a write to the SAR does not clear the DV flag 
for each channel. This implies that if: conversions 
are completed on all registers selected in CSR; 
conversions stopped; an incomplete read of the Data 
Registers is performed; and conversions reinitiated 
with a write to the SAR - some DVs will still be set. In 
Mode 2, which terminates when all DVs are true (ACC 
goes true), unread channels may not be converted 
unless CSR Is written to before setting ENC. 
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Analog Inputs 

Shown in Figure 6 is a simplified equivalent circuit repre- 
senting the input to the Analog to Digital Converter through 
the multiplexer as seen from each AIn pin. 



INPUT 




(a) During Sample Time 



SIGNAL . 
INPUT • 



OPEN 
CIRCUIT 



D2 2 



8t is required during the first 1.5 sample clock cycles to 
sufficiently encode 1 0-bit conversion. Therefore, 1 .5 Ts > 
8t and Ts > 5.33 ReffC 

Ts = 1/*SAMPLE. then fSAMPLE < [5.33 (Rs + 85Cl) 
400pF]-1, fSAMPLE < (4.688 x 108)/Rs + 85^). 

For example, if Rs = 1000, fsAMPLE must le 1^ thsm 
432kHz, and Ts = 2.3(js. This yields a 10-bit conversion 
time of 32|js. An internal CqsC > B8pF, see chart. 

The maximum frequency is limited by the device specifica- 
tion (see characteristics) and by the (Rs) Series input 
resistance: r 

Rs < 1(4.688 X 1 08)/fsAlviPLEl " 85n. 

For example, for a 1MHz sample clock Rs max = 385fl. 

The Internal Schmitt Oscillator 

Figure 8 shows a simplified model of the Schmitt oscillator 
used to help familiarize the user with its operation. Figure 7 
shows typical internal oscillator frequency versus 
capacitance at 5 volts and 25°C. 



(b) During Hold and Idle Time 

FtQURE 6. EQUIVALENT CIRCUIT FOR SI6NAL INPUT 
(a^ lHffilNQ SAMi^LE BHB ii»imW>0UltlN@ 
HOLD AND IDLE TIME 

Due to the nature of the switched capacitor array used by 
the successive approximation A to D, two important points 
are noted here: 

1. A property of a capacitive input is the intrinsic sample 
and hold function. This provides all that is necessary to 
accurately s^smpif, ^ point on ari ini;^ waveform within 
the input bandwidth shown in the specifications (under 

1.5 conversion oscillator cycles). 

2. The input to the capacitor network appears as an RC 
network with a time constant and therefore places 
constraints on the source impedance. The charging time 
and therefore the accuracy of the conversion will be 
adversely affected by increasing the source impedance. 

H is recommended to set the conversion oscillator frequency 
in accordance with the input impedance in order to allow 
sufficfent time (the 1.5 Toso cycles) to sample a changing 
waveterm through the meelsted ifH»*t(oW pail^ flMei) netwpiik 
wrhich Includes the input source In a series circuit wWrthe 
internal impedance. 

The time constant (x) for the input network is ReffCnet. 

refp = Rg -It Rnet. Cnet = 400pF, and Rnet = son. 

X = ReFFCNET = (Rs + SOfi! 400pF. 



C(pF) 


f (MHz) 


C(pF) 


f (MHz) 


18 


1 .0 - 3.0 


218 


0.1 48 -.40 


38 


0.65 - 2.0 


318 


0.111 - .25 


48 


0.54-1.6 


409 


0.1 07 -.23 


68 


0.38 - 1 .1 


528 


0.072 -.17 


118 


0.26 -.75 


1018 


0.040 -.10 



RGURE 7. TYPICAL OSCILLATOR FREQUENCY vs. 

CAPACITANCE AT Vqd = 5V, T^ = 2S0C 

When measuring the oscillator, probe capacitance will 
affect frequency. An alternative to direct frequency 
measurement of the oscillator input is . to measure the 
Interval between successive iFierrMpt^-^^^MI^ 1 and 2. 




OSCILLATOR 
INPUT 



flQURE 8. EQUIVALENT CIRCUIT FOR OSCIUATOI^ INPUT, 
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Applications Examples 

The following code samples are based on a CDP68HC05 
processor. The listings were generated with the Harris 
HASM5 assembler for the CDP68HC05 processor. The 
examples are based on a system which has CE of the 



A2 connected to PAO of the CDP68HC05. Some of the 
fundamental SPl communication routines called by the 
examples are shown first. 



SPl Communication Routines 



• File: HCA2.inc 

' Include file with 68i-lC05A2 definitions and 

' common subroutines 



09-24-1990 




0000 






SeetiDn 




Rdg1aters,$0000 


0000 




PortA 


ds 




;PiortA ' 


0001 




PortB 


ds 






0002 




Porte 


ds 






0003 




PortD 


ds 






0004 




DDRA 


ds 






0005 




DDRB 


ds 






0006 




DDRC 


ds 






0007 




DDRD 


ds 






0008 




Freel 


ds 


2 




OOOA 




SPCR 


ds 


1 


;SPI Control Register 


0040 


= 64 


_SPE 


equ 


OlOOOOOOb 


;SPI Enable bit 


0010 


= 16 


_MSTR 


equ 


00010000b 


;SP1 Master Mode bit 


0004' 




equ 




;SP1 CPHA = 1 bit 


OOOB 




SPSR 


ds 


1 


;SPI Status Register 


0080 


= 128 


_SP1F 


equ 


10000000b 


;SP1 Flag bit for AMDs, CMPs, etc. 


0007 


= 7 


SPIF 


equ 


7 


;SPI Flag bit for BRSETs & BRCLRs 


OOOC 




SPDR 


ds 


1 


;SPI Data Register 



=3 

< UJ 

m Q. 
CO E 
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**************** * ** i^^^^iisAiS^ ^' l\ * ■ - 1 ' 


1 " 






* 


A2 Constants 




















0000 


= 


HC68A2 




i\ 

u 


;A2,is connected to bit of Port A 




0080 


= 128 


A2_Write 


6QU 




;Write bit for A2's Address/Control Byte 




0010 


= 16 


A2_MSR 


equ 


$10 


;Mode Select Register 




0020 


= 32 


A2_notEXT 


equ 


100000b 






0010 


= 16 


A2_VR 


equ 


010000b 






0008 


= 8 


A2 M8 


equ 








0004 


= 4 


A2_IE 


equ 








0000 


= 


A2 ModeO 


equ 









0001 


= 1 


A2_Mode1 


equ 


1 






0002 


= 2 


A2_Mode2 


equ 


2 






0003 


= 3 


A2_Mode3 


equ 


o 
o 






0011 


= 17 


A2_CSR 


equ 




;Ciiannel Select Register 




0012 


= 18 


A2_SAR 


equ 




;Start Address Register 




0080 


= 128 


A2_ENC 


equ 


10000000b 






0010 


= 16 


A2_SAE 


equ 


0001 0000b 






0013 


= 19 


A2_SR 


equ 


$13 


;Status Register 




0007 


= 7 


A2_INT 


equ 


7 






0006 


~ g 


A2 ACC 


equ 


6 






0005 


- 5 


A2_CIP 


equ 


5 






OOOE 


= 14 


A2_CARm 


equ 


00001110b 


;CA2-CA0mask 

: 'l. , ■ . y 








************ 
* 


Common Subroutines 


1 .■ - _ hC' 












llr*********4cMn 






0400 




Section 


SubrQUfine8,$0400 a 






















Set-J!^SPL_Mode 








0400 


A654 


Ida 


#_SPE+_MSTR+_^HA ;SetSPItoMasl«rwitliCPHA-1, • o 




0402 


B70A 


sta 


SPCR 




;CPOL=0 




0404 


81 


FtS 




























SPI_Xmit 






■o T-CO 




0405 


B70C 


sta 


SPDR 




;send A to SPI device 








SPLwait 










0407 


OFOBFD brclr 


^SPIF,SPSR,SPI_ 


wait ;wait until transmit complete 




040A 


B60C 


Ida 


SPDR 




;read the r^rned value into A 




040C 


81 


rts 














Select_A2 










040D 


1100 


bclr 


HC68A2,PortA 


;deselect ttien reselect the A2 




040F 


1000 


bset 


HC68A2,PortA 






0411 


81 


rts 














Initialize A2 








' 0412 


1100 


bclr 


HC68A2,PortA 


;turn on PAO output pin to drive 




' 0414 


1004 


bset 


HC68A2,DDRA 


^A2'sCEpln 




0416 


81 


rts 
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Running the A2 in Mode 1 \V. ^ o.' 















* File: 


A2M0DE1.S 








* 
* 








*Date: 


Men 09-24-1990 










HCA2.inc 


'i ;eommon nsutiitea' 






************* Main routine to set Mode 1 and read each channel 1 time 


0100 




Section 


code,$0100 




0100 


C00412 


main jsr 


Initialize A2 


jturn on PAO ■ ' 


0103 


CDMOO 




Sot_A2_SPL_M0*» ' • - . 


^^etup ttw 68HC05 SP(«g9MlR>t 






DoConversions 






0106 


CD040D 


ISr 




;SetthoA2'sCE 


0109 


A690' 


Ida 


»A2_JMSR+A2JWMle 


^end Address/Control Bvteto... 


01 OB 


CD040S 




SPI_xmlt 


3write to *ie A2's MSR 










;Select Mode 1 and internal clocl< 


01 OE 


A629 


Ma 


#A2_notEXT*Miajideds1-Ma^lVt8 


•^ndS-ti^mode 


0110 


CD0405 


Jsr 


SPI_xmit 


;send to MSR (A2 increments to CSR) 


0113 


ABFF 


Ida 


#$FF 


^lect all the analog inputs 


0115 


CD0405 


]sr 


SPI_xmit 


;send to CSR (A2 increments to SAR) 


0118 


A690 


Ida 


#A2_ENC+A2_SAE 


aam CAR to and start first conversion 


01 1A 


CD0405 


jsr 


SPI_xmit 


^endtoSAR 



0110 ASOO 

011F CDoiae 

01 22 CD040D 

0125 9F 

0126 48 

01 27 CD0405 
01 2A CD0405 



01 2D 5C 

01 2E 9F 

01 2F A108 

0131 25EC 



0133 1100 
0135 81 



ReadResults 
Idx 

Read Loop 
isr 
jsr 
txa 
isia 
isr 
jsr 



incx 
txa 
cmp 
Me 



Fhiis 



#0 

Model poP 

Select-^ 



SPLxmit 
SPI_xmit 



bclr 
rts 



#8 

-'fieedLoop 



HC6SA2,PortA 



;set X to first channel nu mber 

wait until conversion complete 

:SettheA2'sCE 

get the current channel number 

;shift it left to form Add ress/Control 

Byte to read the Data Register, then.. 

read the Data Register and start next. 

conversion 

do something with the read data 



increment the channel number 
ichecklf alldone 



- ' SV not, ti«sn read another channel 



= 53 

< lU 

HI & 



'deselect ttieAZ 



Routine to poll A2's Status RegIsM 



Models poll 

0136 CD040D jsr Select_A2 

0139 A6 13 Ida #A2_SR 

01 3B CD0405 jsr SPI_xmit 

' MeiBl#l^waltloop 

01 3E CD0405 jsr SPLxmit 

0141 B507 bit #2!A2_INT 

0143 27F9 beq Mode1_vi/aitioop 

0145 81 rte 



.'deselect and select A2 
;Send Address/Control Byte. . . 
;to read the Status Register 

;Readthe SR 

;ioop until INT flag in SR is true 
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Running the A2 In Mode 2 








■ifk-k*-k-k-k1fk*-k1fk1t**i 










* File: 


A2MODE2.S 








* 
* 








* Date: 

irk*************** 


Mon 09-24-1990 








*inelude 


MCA2.inc 


seommon loiAlnM^ 






************* Main routine to set Mode 2 and read each channel 1 time 


0100 




Section 


code,$0100 




0100 


CD0412 


main jsr 


Initialize A2 


^urn on PAO 


0103 




jsr 


iSrt_A2_SPL_Mod» ' ■ 1 


iSohip nmeemmmtximA 






DoConversions 






0106 


0U040LI 


Jsr 


Selecl_A2 


;SettheA2'sCE TO^WJ 


0109 


A69Q 


Ida 


#A2_MSR+A2.J«Mte • ^ 


;Send Address/Control Bj^NK- 


01 OB 


CD040S 


isr 


SPI_xmlt 


^wrlte to the A2's MSR 










;Select Mode 2 and internal dock 


01 OE 


A62A 


Ma 

JKJaX 




^isnH flwWIf^ mArIa ■ 


OtIO 




i»r 


.SPI_xmtt 


ssend to MSR (A2 Incrementito CSR) 


0113 


A6FF 


Ida 


#$FF 


^lect aR the analog inputs ' ' 


0115 


CD0405 


isr 


SPI_xmlt 


;send to CSR (A2 increments to SAR) 


0118 


A690 


Iria 




ijant iQ li anu oon iirsK vDnveision 


Oil A 


CD0405 


Jsr 


SPI_xmlt 


;sendtoSAR 






Read Results 






01 ID 


CD0133 


jsr 


Mode2_poll 


;wait until all conversionStiSA^ttete 


0120 


CD040D 


jsr 


Select_A2 


;SettheA2'sCE 


0123 


A600 


Ida 


#0 


;send Address/Control Byte to... 


0125 


CD0405 


jsr 


SPI_xmlt 


;read channel 


0128 


AE08 


Idx 


#8 


;use X as loop counter 






Read Loop 






01 2A 


CU0405 


jsr 


SPI_xmtt 


:read the Data Register 










;do something with ttw isad dsta 


01 2D 


5A 


decx 




jdocrement the loop counter 


01 2E 


26FA 


bne 


ReadLoop 


;if not done read another channel 






Finis 






0130 


1100 




MC68A2J»ortA 


ideseleotttieAS 


0132 


81 


rts 














.Ir*? 








Routine to poll A2's Status Register 








ModeZ poll 




f 


0133 


CD040D 


Jsr 


SelecL_A2 


;deselect and select A2 


0136 


A613 


Ida 


#A2_»iv,, , - - . 


^Send Atldress/Control Byte. . . 


0138 


CD040S 


Jsr 


SPI_xmlt 


;to read the Statu#Register 






MQ(le2_waltloop 




01 3B 


CD040S 


Jsr 


SPI__xmft 


-,Readths>SR 


01 3E 


B506 , 


tiit 


«IA2_ACC 




0140 


27F9 


beq 


ModeZL^walUoop 


;loop until ACC flag in SR is tnie 


0142 


81 


rto 














Vt«rr. 1 ' 






1 




1 ■ :' 



•File: A2MODE3.S 
*Date: Mon 09-24-1990 



0100 



«includ0 HCA2.inc ;oommon routines 

' , »'wM «.. ^| yiain routine to set Mode 3 and read each channri 1 Vmm. 
Section code,$OlOO 



0100 


000412 


main Jsr 


lnitialize.>2 


^lUliI Uil mu 


0103 


CD0400 


jsr 


Set_A2_SPI_Mode 


Setup the 68HC0S SPi control 






Deconversions 




0106 


CD040D 


jsr 


Select_A2 


Set the A2's CE 


0109 


A690 


Ida 


#A2_MSR+A2_Write 


Send Address/Control Byte to... 


01 OB 


CiXMOS 


Jar 


SPIjonit 


write to the A2's MSR; 










Select Mode 3 and internal clock 


010E 


A62B 


Ida 


#A2_notEXt4A2_Mode34A2_M8 


and 8-bit mode 


0110 


CD0405 


jsr 


SPl_xmit 


send to MSR (A2 increments to CSR) 


0113 


A6FF 


Ida 


#$FF 


select all the analog inputs 


0115 


CD0405 


jsr 


SRI xmit 


send to CSR (A2 increments to SAR) 


0118 


A690 


Ida 


#A2_ENC+A^SAE 


jam CAR to and start first conversion 


011A 


CD0405 


jsr 


SPLxmit 


send to SAR 






StopConversions 




011D 


CD0156 


jsr 


Mode3_poll 


wait until all channels converted... 








;at least one time 


0120 


CD040D 


jsr 


Select_A2 


Set the A2's CE 


0123 


A692 


Ida 


#A2_Write+A2_SAR 


send Address/Control Byte to... 


0125 


CD0405 


jsr 


SPI_xmit 


write to the SAR 


0128 


A600 


Ida 


#0 


Set SAR to 00 to stop convw^ons 


012A 


CD0405 


jsr 


SPLxmit 




01 2D 


CD01S0 




ComsraionDelay 


Wait for last conversion to finish 






JamCAR 


;We don't know where the CAR stopped 


0130 


CD040D 




isr 


Select_A2;so, set the A2's CE, then... 


0133 


A692 


Ida 


*A2_Write4A2_SAR 


send Address/Control Byte to... 


0135 


C00405 


isr 


SPI_xmit 


write to the SAR 


0138 


A610 


Ida 


«A2_SAE 


^JamlheCARtoO 


013A 


CO0405 


Jsr 


SPI_xm» 








ReadResults 






01 3D 


CD040D 


jsr 


S©lect_A2 


Set the A2's CE 


0140 


A600 


Ida 


#0 


send Address/Controi Byte to... 


0142 


CIX)405 


jsr 


SPI_xmit 


read channel 


0145 


AE08 


Idx 


«B 


use X as loop counter 






ReadLoop 






0147 


CD04(» 


jsr 


SPIjonit 


read the Data Register 










do something with the read data 


01 4A 


5A 


decx 




decrement the loop counter 


01 4B 


26FA 


bne 


Read Loop 


If not done read another Channel 






Finis 






01 4D 


1100 


tx:lr 


HC68A2,PortA ;deselect the A2 


01 4F 


81 


rts 







< 111 

uj Si 
CO oc 

Eg 
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Running the A2 in Mode 3 (Conttnued) 

***—"* Rouflhe to w€tt Ibr biie conversion time. This routine 

nee(te to be tuned to match the AS** 086frequency - the 
(olkiNMgteiirtaibttraiydelayfBUMw ' ' 



ConverstonDelay 



0150 


AEOO 


Idx 


«0 






DelayLoop 




0152 


5A 


decx 




0153 


26FD 


bne 


l3elayt.oop 


0155 


81 


rts 








- •***""* Boi^fiie 






Mode3_poll 




0156 


CD040D 


jsr 


Select_A2 


0159 


AS13 


Ida 


#A2_SR 


015B 


CO04O5 


jsr 


SPi_xmit 






Mode3_waitloop 


01 5E 


CD0405 


jsr 


SPLxmit 


0161 


B506 


bit 


#21A2_ACC 


0163 


27F9 


t>eq 


Mode3_waitloop 


0165 


81 


rts 





;set X to do DelayLoop 256 times 



:decrement X until ifs 



;deselect and select A2 

;Send Address/Control Byte. . . (io 

;tojiead the Status Register 

iRead the SR 

;loop until ACC flag in $R is true 



00' 



f ; I ■ A- 



ROT- 



CDP68HC68A2 



Sumniaf^ of C&t^&tic41SAi Rogtsters 
Address/Control Byte 



R/W 



A4 A3 A2 A1 



R/W: = read 

1 c° write • 

Mode Select Register (MSR) 

Address/Control: (R/W)0010000 ■ 
Read/Write: Yes 



$10 



EXT 



VR 



M8 



IE 



7 

EXT: 



VR: 



M8: 



IE: 



AO 



Ml 



MO 



= external oscillator 

1 = internal, one-pin oscillator 

= Vdd is positive reference 

1 = AID Is positive reference 

= 10-bit Mode 

1 = 8-bit Mode 

= INT pin held in high Impedance 
1-slNTplnJsactiw»- — 



M1,M0: 00 = Idle Mode 

01 = Single Conwsioii 
1 = Single , 
11= Continuous Scan 



Status Register (SR) 

Address/Control: 0001 001 1 - $1 3 
Read/Write: Read Only 



INT 



ACC CIP 



CA2 CA1 



CAO 



7 

INT: 

ACC: 

CIP: 

CA2, 
CA1, 



6 5 4 3 2 1 

1 = Interrupt condition has occurred 
1 =AII Conversions Complete 
1 = Conversion In Progress 
Value of CAR 



Data Registers 

Address/Control: 0000000(H/L) to 00001 1 1 (H/L) ■ 

$00 to $0F 
Read/Write: Read Only 



High 



Low 
H/L = 1 



DV 


DOV 














D9 


D8 




6 


5 


4 


3 


2 


1 





D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


7 




5 


4 


3 


2 


1 






Channel Select Register (CSR) 

Address/Control: (R/W)0010001 - 
Read/Write: Yes 



$11 



C7 


C6 


C5 


C4 


C3 


C2 


CI 


CO 


7 


e 


s 


4 




2 


1 






starting Address Register (SAR) 

Address/Control: (R/W)0010010 - $12 

Read/Write: Yes 



ENC 



SAE CA2 CA1 CAO H/L 



1 



ENC: = disable conversions 
1 =enable conversions 

SAE: = ignore CA2,CA1, and CAO 

1 = jam CAR with CA2, CA1 , and CAO 

CA2, 3 bit number to lam Into CAR when 

CA1. SAE = 1 

CAO 

H/L: This bit should always be set too 

= High Data Register 

1 = Low Data Register 



< III 
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CMOS Serial 8-Bit input/Otitptit Pppti 



Features 

• Fully Static Operation . 

• Operating Voltage Range 3-6V 

• Compatible with Harris/Motorola SPI Bus 

• 2 External Address Pins Tied to Vqd or Vgg to Allow Up to 4 Devices 
to Share the Same Chip Enable 

• Versatile Bit-Set and Bit-Clear Capability 

• Accepts Either SCK Clocic Polarity - SCK Voltage f,evel is Utched 
When chip Enable Goes Active 

• All Inputs are Schmitt-Trigger 

• 8-Bit WO Port - Each Bit can be individually Programmed as an Input 
or Output Via an 8-Bit Data Direction RegistAir.,. 

< Programmable On Board Comparator 

• Simultaneous Transfer of Compare Information to CPU During Read or 
Write - Separate Access Not Required 



Pinout 



l>ACKAGE TYPES D, E AND lU 

TOP VIEW 



lOo 


1 


^6 




Vdd 


101—^ 


? 


ts 




D1 


MISO 


3 


14 




D2 


MOS 1 


4 


13 




D3 


SCK 


5 


12 




04 


CE 


6 


11 




05 


DO 


7 


10 




06 


vss 


B 


9 




D7 



Description 

The single port I/O is a serially addressed 8 bit Input/Output 
port that allows byte or individual bit control. It consists of 
three registers, an output buffer and control logic. Data is 
shifted in and out of the port via a shift register that utilizes 
the SPI (Serial Peripheral interface) bus. The i/O port data 
flow is controlled by the Data Direction Register and data is 
stored in the Data Register that outputs or senses the logic 
levels at the buffered i/O pins. All inputs, including the serial 
interface are Schmitt triggered. The device also features a 
compare function that compares the data register and port 



pin values for 4 programmable conditions and sets a soft- 
ware accessible flag if the condition is satisfied. The user 
also has the option of bit-set or bit-clear when writing to the 
data register. 

The CDP68HC68P1 is supplied in 16 lead, hermetic, dual in 
line sidebrazed ceramic (0 suffix), 16 lead dual in line 
plastic (E suffix) and 1 6 lead, surface mount, (small outline), 
(M suffix) packages. 



Maximum Ratings Absolute Maximum Values 



DC Supply Voltage Range, (Vqq) -0.5V to +7V 

(Voltage Referenced to Vss Terminal) 

Input Voltage Range, Ail Inputs -0.5V to V^p +0.5V 

DC Input Current, Any One Input ±1 0mA 

Power Dissipation Per Package (Pd) 

Ta=-40OC to +60OC (Package Type E) SOOmW 

T/v = +600C to +850C (Package Type E) Derate Linearly at 

12mW/0C to 200m W 

Ta = -550C to +1 OQOC (Package Type D) SOOmW 

T/^ = +1 00°C to +1 25OC (Package Type D) . . . Derate Linearly at 

2mW/oc to 200mW/ 

Ta = -400C to +60°C (Package Type M)* 300mW 



Ta = H-600C to +85OC (Paekage Type M)* Derate Lineaily at 

5mW/octo 175mW 

''^Printed circuH board mounfc S7min x 57inm minimuin area x 1.6mm IMck 



Device Dissipation Per Output Transistor lOOmW 

Ta = Full Package Temperature Range (All Package Types) 

Operating Temperature Range (Ta) 

Package Type D -55OC to +1 25OC 

PackageTypeE,M -550Cto+850C 

StoEage Temperature Range (Tstq) -6&%to-i-150°C 

Lead Temperetura (During SoMering) ; , +2650C 



At Di^ance 1/16 ± 1/32 In. (1.59 ± 0.79mm) From Case for 
lOsMax 



01 apQxy glass, or aqutoalant. 



Copyright e HaMS Corporaton 1891 



em? 



RIe Number 1858.1 



RECOMMENDED OPERATING CONDITIONS AT Ta = -40° to+85°C 



For maximum rallaMllly, apmvting eandltlenf ahoirid b* Mlaetod m ttiat oparatlon )• always within the following rangaa: 





LIMITS 


UNITS 


ALL TYPES 


MIN. 


MAX. 


DC Operating Voltage Range 


3 


6 


V 


Serial Clock Frequency fscK 

VoD = 3 V 




1.05 


MHz 


Vpo = 4.5V 




2.1 


Input Voltage Range 

V.M 




Vdd + 0.3 


V 


Vh. 


-0.3 


' ■ - 



SHIFT REGISTER 



7y 



CE - 
SCK- 
ID1- 
IDO- 



CONTROU 
LOGIC 



DIRECTION 
REGISTER 



COMPARATOR 



INPUT/OUTPUT 



DATA 
REGISTER 



00-07 

Ffg. t - Slagta port tlO block diagram. 



9aCM'-4040 



< Ul 

IS 



CHIP . 
ENABLE 




Fig. 2 - single port I/O. 
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CDP68HC68P1 

STATIC ELECTRICAL CHARACTERISTICS AT T* = -40 to +85° C, Vdd = 3-3 V ± 10%, Except as Noted 



CHARACTERISTIC 




LIMITS 


UNITS 


CONDITIONS 


MIN. 


TYP.» 


MAX. 


Standby Device Current 


Idds 




— 


1 


15 


^l\ 


Output Voltage High Level 


VoH 


loH = -0.4 mA, Vdd = 3 V 


2.7 








Output Voltage Low Level 


Vol 


loL = 0.4 mA, VpD = 3 V 




- 


0.3 




Input Voltage 
D0-D7 

Positive Trigger Tlireshold 


Vp 




1.85 


— 


2.4 




Negative Trigger Threshold 


Vn 


?* 


0.85 


— 


1.35 


V 


Hysteresis 


y,s 




. 0.85 .. 


— . 


1.25 




Input Voltage 
1D0. 101, MOSI, SCK, CE 
Positive Trigger Threshold 


Vp 




1.3 


— 


1.9 




Negative Trigger Threshold 


Vn 




0.S 




1.2 




Hysteresis 


VlH 




0.5 




0.95 




Input Leakage Current 


llN 








±1 




3-State Output Leakage 

Current 


louT 








±10 


HA 


Operating Device Current 


loPEH # 


V,N = ViL, V,H 




0.1 


1 


mA 


Input Capacitance 


CiN 


ViN = 0V,f=1 MHz, Ta = 25°C 




4 


6 


PF 


• Typical values are for Ta = 25° C and nominal Vdd. # Outputs open circuited; cycle time = Min. tcyci., duty = 100%. 
STATIC ELECTRICAL CHARACTERISTICS AT Ta = -40 to +85° C, Vdd = 5 V ± 10%, Except as Noted 


CHARACTERiSTIC 


. ! 


LIMITS 




MIN. 


TYP. • 


MAX. 


UNITS 


Standby Device Current 


Idos 






1 


15 


/"A 


Output Voltage High Level 


VoH 


loH = -1.6 mA, Vdd = 4.5 V 


3.7 








Output Voltage Low Level 


Vol 


loL=1.6 mA, Vdd = 4.5 V 






0.4 




Output Voltage High Level 


VoH 


IohS20//A.Vdd = 4.5 V 


4.4 








Output Voltage Low Level 


VbL 


Iol<20M,Vdd = 4.5V 






0.1 




Input Voltage 
D0-D7 

Positive Trigger Threshold 


Vp 




2.15 




3.05 


V 


Negative Trigger Threshold 


Vn 




1.35 




2 




Hysteresis 


V,H 




0.8 




1.2 




Input Voltage 
IDO. ID1,MOSI,SCK,^ 
Positive Trigger Threstiold 


Vp 




3.15 




3.85 




Negative Trigger Threshold 


Vn 




1.7 




2.25 




Hysteresis 


VlH 




1.3 




1.7 




input Leakage Current 


llN 








±1 




3-State Output Leakage 
Current 


loUT 








±10 




Operating Device Current 


ioPER# 


ViN = V,L, V,H 




0.2 


2 


mA 


Input Capacitance 


CiN 


ViN = OV, f=1 MHz, Ta = 25°C 




4 


6 


pF 



• Typical values are for Ta = 25° C and nominal Voo. # Outputs open circuited; cycle time = Min. toyci., duty = 1 00%. 



SCK 




MOSI . 



NOTE: 
CPOk« 

peUtMrV AND PHASE. CPHA MUST ALWAYS EQUAL 1. 



CPOLMmCPHAAREBITSINTHECDPMHCIISCtllldCDPaaHeaSOI ' 

Meii raNtiioL nieisTtn aMd determine inactive ctoeK 



F/g. 3 - Data tranafera utilizing clock Input 



Introduction 

The single port I/O is serially accessed via a 3 wire plus chip 
enable synchronous bus. It features 8 data pins that are 
programmed as inputs oroutputs. Serial access consists of 
a two-byte operation. The first byte shifted in is the control 
bytethat configures the device. The second byte transferred 
is the data byte that is read from or written to the data 
register or data direction register. This data byteoan aiso be 
programmed to act as a mqsic to set or dear individual bits. 

Functional Description 

The single port I/O consists of three byte-wide registers, 
(data direction, data and shift) an input/output buffer and 
control logic circuitry. (See fig. 1, block diagram). Data is 
transferred between the I/O data and data direction registers 
via the shift register. Once the I/O port Is selected, the first 
byt6 shifted In to the shift register is the control byte that 
register selects, (the Data or Data direction register), 
determines data transfer direction (read or write) and sets 
the compare feature and function (mask or data) of the byte 
immediately following the control byte, the data byte. (See 
Addressing the Single Port I/O) Each bit of the data register 
may be individually programmed as an input or output. A 
logic low in a data direction bit programs that pin as an 
Input, a logic high makes It an output. A read operation of 
data register pins programmed as Inputs reflects the current 
logic level present at the buffered port pins. A read operation 
of those data register pins programmed as outputs Indicates 
the last value written to that location. At power-up, all port 



pins are configured as unterminated inputs. Two chip 
identify pins are used to allow up to 4 I/O ports to share the 
same chip eruible signal. The first two bits shifted in are 
compared with the hardwired levels at the chip identify pins 
to enable the selected I/O for serial data transfer. Note that 
when chip enable becomes true, the compare flag is latched 
for ail devices sharing the samAcMp^amble. 

Compare Function ' ^ 

The value of a port pin (D0-D7), configured as an input, is 
compared with the corresponding bit value (DR0-DR7) 
stored in the Data Register. Pins configured as outputs are 
assumed to have the same value as the corresponding bit 
stored in the Data Register. The compare function Is 
programmed via C01 and COO (CM1, CMO) of the Address 
Byte. The following values for CM1 and CMO will sense one 
of four separate conditions: 



CIM1 




CMO 


Condition 


' b 







- at least one non-match 







1 


- all match 


1 







- all are non-match 


1 




1 


- at least one match 



The compare flag Is set to one when the programmed 

condition Is satisfied. Otherwise, the flag Is cleared to zero. 
The compare flag is latched when the device la enabled (a 
transition of CE from "High" to "Low"). 



">< 

< UJ 
UJ Q. 
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Data Format 

During write operations, the data byte that follows the 
control byte is normally the data word that is transferred to 
the data or data direction register. Control bits 2 and 3 (DFO 



and DF1) change the interpetation of this data as listed 
below. Note that one or n^ore bits can be set or cleared in 
either register without having to write to bits not requiring 
change. 



COS 
DF1 



C02 
DFO 



OPERATION 



Data following the control word will 
be written to the selected register. 
Data following the control word is 
a mask. Those bits which are a 1 
will cause that register flip-flop to 
be cleared to 0. Those which are 
a will cause that register flip-flop 
to be unchanged. 
Data following the control word Is 
a mask. Those bits which are a 1 
will cause that register flip-flop to 
be set to 1; those which are a 
will cause that register flip-flop 
to be unchanged. 



for example. 



CONTROL DATA 

C07 C06 COS 1 X C01 COO 11110000 

C07 C06 COS 1 1 1 C01 COO 11110000 

C07 C06 COS 1 1 C01 COO 1 1 110000 

COT C06 COS 1 1 X C01 COO 00000000 

X - Don't Care 



PREVIOUS 
REGISTER 
VALUE 

10101010 

10101010 
10101010 
10101010 



NEW 
REGISTER 
VALUE 

11110000 

11111010 
00001010 
10101010 

. 1 .•: n»«»t eo' 



.'■.'■J 



Addressing the Single Port I/O 

The Serial Peripheral Interface (SPI) utilized by the I/O Port 
is a serial synchronous bus for control and data transfers. It 
consists of a SCK clocl( input pin that shifts data out of the 
I/O port (MISO, MASTER IN, SLAVE OUT) and latches data 
presented at the input pin, MOSI (master out, slave in). Data 
Is transferrad^mertalsntficant bit flrat^Aars is one SCK clock 
for each bit transfarred and bits are tran^erred In groups of 
eight 



When the I/O port is selected by bringing the chip enable 
pin low, the logic level at the SCK Input Is sampled to 
determine the internal latching and shift polarity for input 
and output signals on the SPI. (See Fig. 3). 

The first byte shifted in when the chip is selected is always 
the control byte followed by one or more bytes that become 
data or a mask for the data and data direction register. As 
the control byte is being shifted in one the^MiOSI line, data 
on the MOSI line ^ifts out. (See Fig. 4). ' 



MOSI X I C07 

MISO Z I Z 

X DON T CARE 

Z HIGH IMPEDANCE 

- ■ COMMRE FLAG 



COS 
C07 



C04 
COB 



C03 
COS 



C02 
C04 



C01 
C03 



1" 
II' 



INPUT 
OUTPUT 



92CS-4040O 



Fig. 4 - Contml 6kM. 
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C07 (ID1), C06 (IDO): Chip-Identify bits 

COS (RS): Register Select. When RS is tew,"t|i« data 
register Is selected. When RS is high, the Direction Register, 
is selected. ■f'or j.jo- 

C04 (R/W): Rea3/Write. Low when data is to be transferred 
from the SPI I/O to the CPU (read) and high when the I/O Is 
receiving data from the CPU iw*^'. •■■■i lh. fi, -. 



C03 (DF1), C02 (DFO): Data Format Bits. These have 
meaning only when R/W is high. During a write operation, 
DF1 and DFO controi how the byte following the control 
word is Interpreted. See "DATA FORMAT". 

C01 (CM1), COO (CMO): Compare Mode Setlect, These bits 
select one of four events which will set the irftemil Condition 
Fi«g. (See "COMPARE OPERATION") 



Read Operation 

During a read operation, the CPU transfers data from the 
I/O by first sending acon^i,b^on|lif.^j09l line while the 



chip-selected I/O sends compare Information followed by 
one or more data bytes on the M ISO line. 



MOSI , C07 

MrsD tr-- 1 z 



COS 
C07 



COS 
COS 



xxxxxxxx 

8-Brr DATA WORD 



X = DONT CARE 

Z HIGH IMPEDANCE 

■ • COMPARE FLAG 



92CS-4040I 



Fig. S - Read bytes. 

The selected register will be continuously re»d.|f 5iish«ld 
low after the first data byte is shifted out. 



Write Operation 

During a write operation, the data byte foiiows the control 
byte for the selected register. While this byte is being shifted 
in, old data from that register is shifted out. If CE remains 



low after the data byte is shifted in, MISO becomes high 
impedance and-H^e-Hiiew data is placed in the selected 
register. 



MOSI 
MISO Z 



C07 

z 



COS 
C07 



C03 
COS 



C01 
C03 



COO I 



8-BIT DATA WORD 
PREVIOUS 8-BIT WORD 



z - High impedance 

• = C&MPAI*e FLAQ. 



SgeS- 40405 



At the time the eighth data bit is strobed into the data pins 
(D0-D7) will change as indicated in Fig. 7. 

_ Fig. 6 - Write bytes. •; 



SCK . 

D0-D7 



< Ul 

uj a. 



92CS-4040a 



Fig. 7 - Port-pin data changes. 



Pin Description 
IDO, ID1 

Chip Idehlify pihs, normally tied to Vdd or Viss. The 4 
possible combinations of these pins allow 4 l/Os to share a 
common chip enable. When the levels at these pins match 
those of the identify bits in the control word, the serial bus is 
enabled. The chip identify pins will retain their previous 
logic state if the lines driving them become HisZ;i 

MISO 

Master-in, Slave out pin. Data bytes are shifted out at this output, 
pin most significant bit first. When the chip enable signal Is 
high, this pin Is Hi-Z. 



MOSI 

Master-out, Slave In pin. Data bytes are shifted In at this pin 
most significant bit first. This pin will retain its previous 
logic state If its driving line beo@ffles Hl-Z. 

SCK 

Serial clock input. This input causes serial data to be 
latched from the MOSi input and sbittad out on the MISO 



CDP68HC68P1 



CE 

A negative chip enable input. A high to low transition on this 
pin latches the inactive SCK polarity and compare flag and 
indicates the start of a data transfer. The serial interface 
logic is enabled only wh^n CE. 1,8 low. This pin will retain Its 



D0-D7 

I/O Port pins. Individual programmable inputs or outputs. 
VoDand Vas • ■ 

Positive and negative power supply line. 

All pins except the power supply lines and MISO have 
Sciunitt-trlggerbuffwad'inpiitt.' ' 



DYNAMIC ELECTRICAL CHARACTERISTICS - BUS TIMING Vdd ± 10%, Vss = V dc, T* = -40° to +85»C, Cl = 200 pF. 
S«e Higa. 8 and 9. 



• '■' •>^'*-' ' ^ '■ ■ -■'■/■ ■ 








CMARACTEMSnC- 




Voo = 


3.3 V 


u 

Vdd - 


= 5 V 


UNITS 






MIN. 


MAX. 


MIN. 


MAX. 




Chip Enable Set-Up Time 


tfiVCV 


200 




100 






Chip Enable after Otoek Held Time 


tpvcx 


250 




125 






Clocl< Width High 


twH 


400 




200 






Clock Width Low 


twL 


400 




200 






Data In to Clock Set-Up Time 


tovcv 


200 




100 






Data In after Clock Hold Time " 


tcVDX 


200 




100 




ns 


Clock to Data Propagation Delay 


tcVDV 




200 




100 


Chip Disable to Output High Z 


tEXOZ 




200 




100 




Output Rise Time 


t, 


T 


200 




100 




Output Fall Time 


t, 




200 




100 




Clock to Data Out Active 


tcVQX 




200 




100 




Clock Raeovery Time 


tMC 


200 




- 200 







SCK 







1 


X I 007 j; cos ] 


COS Y c«.ii^_ 


or 


[ OS : ; 00 J[ X 






'dvcv ~* 




^ 1 - 

•ovcv — ■ 

r 'CVDX 






* — 'cvox 








--'e 


■ 






*IIEC • 




'CVEX " 

L__/ \__, ' 


i 






vcv 


■ ». Ik ; ^ " , ■• 






S ' 





Fig. a - Write cycle timing wMWtormet: 
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F/j. 9 - Read cycle timing wavatorma. 
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2S6 Word (CDP6eHC68R2)^y 8-Bit Static RAIVIs 



Features 

• Fully static Operation — 

• Operating Voltge Range 3Vto5.SV 

• Typical Standby Current .' 1)iA 

• Directly Compatibia with Harris/Motorola SPI Bus 

• Separata Data Input and Three Stata JMM OtitPUt.JP^s 

■ Input Data and clock buffers Gated Off with Chip Enable 

• Automatic Sequencing for Fast IMultiple Byte Accesses 

• Low Minimum Data Retention Voltage 2V 

• Wide Oparaflng Temperature Range: -400C to 4'8S0C 



Pihoat 



PACKAGE TYPE I 

TOP VIEW 



SCK - 
MISO- 
NC - 
«S8- 



MOSI 
• CE 

S3 



Description 

The CDP68HC68R1 and CDP68HC68R2 are 128 word 
and 258 word by 8-bit static random access memories, 
respectively. The memories are Intended for use in systems 
utilizing a synchronous serial three wire (clocl(, data In, 
and data out) interface where rnlnlmum padoge size, 
interconnect wiring, low power, and simplicity of use 
are desirable. These parts wiH interface directly wRh 
CDP68HC0SO2, CDP68HC05C4, and CDP68HC0SC8 
microcomputers (providing the CPHA bit In the micro- 
computer's SPI Control Register is set equal to t). The 



CDP68HC68R1 and CDF>68HC68R2 are also compatible 
with general purpose microcomputers, including the 
CDP1804A and CDP6805 family, by utilizing .I/O bits for 
the SPI (Serial Peripheral Interface) bus. CMsr Industry 
microcomputers such as the 80CS1 can Interface to 
these serial RAMs. 

The CDP68HC68R1 and CDP68HC68R2 are supplied in 8 
lead plastic Mini DIP packages. (E suffix). 



TRUTH TABLE 





SIGNAL 


MODE 


CE 


SS 


SCK 


MOSI 


MISO 


Disabled and 
Reset 


L 
X 


X 
H 


Input 
Disabled 


Input 
Disabled 


High 2 


Read or 
Write 


H 


L 


CPOL = 0. ~\_ 
CPOL=1, _/~ 


DataBH 
Utch 


High Z During Write, 
Current Data Bit 
During Read 


Shift 


H 


L 


CPOL=0, _/~ 
CPOL-1, 


X 


Next Data Bit 



NOTE: MISO nmMns at a High Z unW 8 bll« of data are raady lo b» ahlHad mi durlns a Read and t tamalns at a High Z during tip Write cycle. 
The CPHA fen must bo s«t ■ 1 In the Sartal Pertphenl control ragiaterof S80S microcomputers In oidar is communicate wNl Bum daviosa. 
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CDP68HC68R1, CDP68HC68R2 



MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vdd): 

(All voltage values referenced to Vss terminal) -0.5 to +7 V 

INPUT VOLTAGE RANGE, ALL INPUTS .'. ...T..... -0.5 to Vdd +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ±10 mA 

POWER DISSIPATION PER PACKAGE (Pd): 

ForT,=-40to +60°C (PACKAGE TYPE E) 500 mW 

ForT»=+60 to +85°C (PACKAGE TYPE E) DerrtB Lltieiityatsia mW°C to 200 lilW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For Ta=FULL PACKAGE-TEMPERATURE RANGE i^,.....^. 100 mW 

OPERATING-TEMPERATURE RANGE (T.): 

PACKAGE TYPE E '. , -40° to +85°C 

STORAGE TEMPERATURE RANGE (T.„) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 in. (1.5? 0.79 mm) from case for 10 s max +265''C 



OPERATING CONDITIONS at Ta = -40° to +85° C 

For maximum reliability, pperailnq condltlona should be •elected ■<> thjit operation is always within the following ranges: 



CHARACTEfllSTiC 


LIMITS 


UNITS 


ALL TYPES 


MIN. 


MAX. 


DC Operating Voltage Range 


3 


5.5 


V 


Input Voltage Range Vih 


0.7 Vdd 


Vdd +0.3 




-0.3 


0.2 Vdd 


Serial Clock Frequency fscx 

Vdo=3V 




1.05 


MHz 






2.1 



STATIC ELECTRICAL CHARACTERISTICS at Ta = -40 to ■».85°C, Vdo = 3..3 V ±10%, Except as Noted 







LIMITS 




CHARACTERiSTie 


CONDITIONS 


CDP68HC68R1 


CDP68HC6BR2 


UNITS 






MIN. 


TYP.* 


MAX. 


MIN. 


TYP.* 


MAX. 




Standby Device Current 
Idds 






1 


15 




1 


50 


UA 


Output Voltage High Level 

VoH 


loH=-0.4 mA, Vdd=3 V 


2.7 






2.7 






V 


Output Voltage Low Level 
Vol 


ioL=0.4 mA, Vdd=3 V 






0.3 






0.3 


Input Leakage Current, Im 








±1 






±1 




3-State Output 
Leakage Current, Iout 








±10 






±10 




Operating Device Current 

loPER* 


V,N=V,L,V,H 




5 


10 




5 


10 


mA 


input Capacitance, Cin 


ViN=0 V, f=1 MHz, Ta=25»C 




4 


6 




4 


6 


PF 



^Typical values are for Ta = 25°C and nominal Vdd. 
♦Outputs open circuited; cycle time = Min. tcyci., duty = 100%. 

'Typical input current values (high and low) for pinsi, 5, 8, 7, approximately 100 nA due to presence of feedbacl( transistor. 
Pin 6 Is an exception - iin(hign) typically 1 r>A. 
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STATIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85° C. Vdo = S V ±10%, Except a* Noted 



CHARACTERISTIC 


coNornom 


LIMITS 


UNITS 


CDP68HC68R1 


CDP68HC68R2 


UIM 


TVD * 




UIM 

Min. 


TVD • 


UAY 


Standby Device Current 

Idds 







1 


15 




1 


50 


HA 


Output Vofmge ^Igtiidvel 

»OH 


loM=-1.6mA,VDD=4.5V 


3.7 


— 




3.7 






V 


OutDirt VotteiaA Low Laval 
Vol 


loL=1.6 mA, Vdd=4.5V 


— 


— 


0.4 





— 


0.4 


OutDut Voltaaa Hiah Lavctl 

VoH 


loH<10//A, Vdd=4.5 V 


4.4 


— 


— 


4.4 


— 


— 


Oiitniit X/nltfinA 1 nw 1 nu^l 

Vol 


ioL<10pA, Vdd=4.5 V 






0.1 






0.1 


Input Leakage Current, Iin 








±1 






±1 


//A 


3-State Output 
Leakage Current, lour 








±10 






±10 


Operating Device Current 

ioPER* 


V,N=V,L,V,H 




5 


10 




5 


10 


mA 


Input Capacitance, Cin 


ViN=0 V, f=i MWz, Ta'SS" C 




'4 ■ 


6 




^1 W 




pF 



•Typical values are for Ta = 8§°G and nominal Vdo. [ 
'Outputs open circuited; cycle time = Min. tcyci., duty = lOOKi. .• ,' Af I 

'Typical inputcurrentvalues (high and iow) for pins1, 5,6. 7, approxitnately 100 nA due to presence of feedback transistor. 



Pin 6 is an exception - iin(nign) typically 1 nA. 
PIN SIGNAL DESCRIPTION 

SCK (Serial Clock Input)* - Tfiis Input causes serial data to 
be latched from tlie MOSI input and sfilfted out on theMISO 
output. 

MOSI (Master Out/Slave In)* - Data bytes are shifted in-at 

this pin most significant bit (MSB) first. 

MISO (Master In/Slave Out)* - Data bytes are shifted out at 

this pin most significant bit (MSB) first. 

SS (Slave Select)* - A negative chip select input. A high 

level at this input holds the serial interface logic in a reset 

state. 

CE (Chip Enable)** - A positive chip enable input. A low 
level at this input holds the serial Interface logic in a reset 

state. 

CE • SS - This is a logical function of CE and SS used 

throughout this datasheet to simplify diagrams. CE • SS = 1 
when pin 5 is low and pin 6 is high. CE ■ SS = at ail other 
times. 



'These inputs will retain their previous state if the linedrivingthem 
goes into a HIGH-Z state. 
"The CE input has an internal pull-down device— if the Input is 
driven to a low state before going to a HIGH Z. 



FUNCTIONAL DESCRIPTION 

The Serial Peripheral Interface (SPi) utilized by the 
CDP68HC68R1 and CDP68HC68R2, is a serial synchronous 
bus for address and data transfers. The cioclt. which is 
generated t>y the microcomputer, is active only during 
address and data transfers. In systems using the 
CDP68HC05C4, CDP68HC05C8 or CDP68HC05D2, the 
inactive clock polarity is determined by the CPOL bit in the 
microcomputer's control register. A unique feature of the 
CDP68HC68R1 and CDP68HC68R2 is that they 
automatically determine the level of the inactive clock by 
sampling SCK when CE • SS becomes active (see Fig. 1). 
Input data (MOSI) Is latched Internally on the Internal 
Strobe edge and output data (MISO) is shifted out on the 



Shift edge, as defined by Fig. 1. There is one clock for each 
data bit transferred (address as .W^ffiudjEit?.. bits 
transferred in groups of 8). ■ i 

ADDRESS AND DATA FORMAT | 

The address and data bytes are shifted MSB first into fM 
serial data input (MOSI) and out of the serial data output 
(MIS O). Th e Address/Control byte (see Fig. 2b) contains a 
Write/Read bit and a 7-bit address. Any transfer of data 
requires an Address/Control byte to specify a RAM location, 
followed by one or more bytes of data. Data is transferred 
out of MISO for a Read and into MOSI for a Write. 
Address/Control bytes are recognizable because they are 
the first byte transferred following a valid CE ■ SS (except 
for Page select bytes, see PAGE SELECTION). To transmit 
a new address, CEj SS must first go false and then tru* 
again. 



INTERNAL-, 
STROBE I 



rlNTERNAL- 
STROBE 



h STROBE 
Ln_ 



MOSX ■ 

OR ' 
MISO 



«ra-3T7l2 

Ftg. 1 - Serial RAM clock {SCK) at a fmeOon^MCUBlocic 
Dolaritv tCPOL). 
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a. Page/Device Byte (CDP68HC68R2 Only) 



BIT 7 


6 


S 


4 


3 


2 


1 





1 X 


X 


1 X 


|x 


X 






A7 


b. Address/Control Byte 
BIT 7 6 5 4 


3 


2 


1 





|w/R 


A6 


AS 


A4 


A3 


A2 


A1 


AO 



A0-A6 The seven least significant RAM address bits, 
_ sufficient to address 128 bytes. 
W/R Read or Write data transfer control bit. 

WTR" = inttitrtee one (jr rfww memory jead 
cycles. V^7W= 1 initiates sins or mope memory 
. !«rit8:eysJl^ _ . , . : 

c. Data Byte 
BIT 



7 


6 


5 4 


3 


2 1 





1 Dt 


08 


OS 1 04 




02 1 01 


00 



Pig. 2 - Serial Dyte firmat. 



PAGE SELECTION (CDP68HC68R2 Only) 

For the CDP68HC68R2, a Page/Device byte is sent from the 
microcomputer before the Address/Control byte. Because 
the Address/Control byte is limited to 128 addresses, the 
CDP68HC68R2 is divided into two 1 28-byte pages. A page 
select Is accomplished by enabling the CDP68HC68R2, 
transmitting the Page/Device Select byte (see Fig. 2a), and 
finally disabling the device prior to any more data transfers. 
The Page/Device byte is recognizable because It is the only 
time that a single byte is transferred to the RAM before CE- 
SS is disabled (see Fig. 3). The page select is latched and 
remains until changed or is mcreraented during a burst 
transfer (see next section). 

M>DPBSS AND OATA 

Data transfers can occur one byte at a time (Fig. 4) or in a 
multi-byte burst mode (Fig. 5). After the chip is enabled, an 
address word Is sent to select one of the 128 bytes (on the 
selected page) and specify the type of operation (I.e., Read 
or Write). For a single byte Read or Write (Fig. 4), one byte is 
transferred to or from the location specified in the 
Address/Control byte; the device is then disabled. Additional 
reading or writing requires re-enabling the RAM and 
providing a new Address/Control byte., If the RAM is not 
disabled, additional byt^ can ise^ead or written in a burst 
^ rnode (Fig. 5). Each Read or Write oyde causes the latched 



E«SS 



\ 











///. 

/// 


X 


X 


X 


X 


X 


X 


X 


A7 





SCK CAN BE EITHER POLARITY. 

92CM-377I3 

Fly, 3 - Page/Device Select byte transfer wavatorms. 
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. < 

< UJ 
UJ H. 
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n 
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WRITE— MOSI 



ADDRISS mf$ 



WRITE DATA 



READ DATA 



92CIII-377IT 



Fig. 4 - Single-byte transfer. 
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RAM address to automatically Increment. Incrementing continue. Note that Incrementing past 7FH on the CDP- 

contlnues after each transfer until the device Is disabled. 68HC68R2 causes the address to go to location 80IH (i.e.. 

After incrementing to 7FH on the CDP68HC68R1 orto FFH location OOH of page 1). The programmer must talie car«to 

on the COP68HC68R2, the address will recycle to OOH arid iceep track when crossing page boundaries., 



■J 



z 



ADDRESS BYTE 



DATA BYTE 



^1 



DATA BYTE 



YTE ^ 



ADDRESS BYT 
W/WAODRESS— I ADDRESS BYTE + 1 - 



If 

a 



DATA BYTE 



ADDRESS BYTE +ln-1)- 



Fig. 5 - Multiple-byte transfers. 

DYNAMIC ELECTRICAL CHARACTERISTICS - BUS TIMING Vdd ±10%, 
VsS = 0VcicTA = -40° IO'»a5*C,CL = 300)pF.fM>Flm-6.7and8. 



IDENT. 
NUMBER 






LIMITS (ALL TYPES) 




CHARACTERISTIC 




Vdd=3.3 V 


Vdd=5 V 


UNITS 






MIn. 


Max. 


MIn. 


Max. 






Chip Enable Set-Up Time 


tevcv 


200 




100 






® 


Chip Enable after Clock Hol!^,Time 


tc«cx 


250 




125 






® 


Clock Width High 


twH 


400 




200 






® 


Clock WWtti Low 


twi. 


400 




200 






® 


Data In to Clock Set-Up Time 


tovcv 


200 




100 






(!) 


Data In after Clock Hold Time 


tcVDX 


200 




100 




ns 


@ 


Clock to Data Propagation Delay 


tcVDV 




200 




100 




(!) 


f ^^-r — 

Chip Disable to Output High Z ^ 


tEXQZ 




200 




100 




® 


Output Rise Time 


t, 




200 




100 




@ 


Output Fall Time 


t, 




200 




100 




® 


Clock to Data Out Active 


tcvox 




200 




100 




® 


Clocl< Recovery Time 


tHEC 


200 




200 
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© 



© — 
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Fig. 6 - Page/Device byte timing waveforms. 
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© 
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Fig. 7- WRITE cycle timing waveforms, 

® 



MOSf 




Hg. 8 - HEAD cycle timing wwniom^ 
DATA RETENTION CHARACTERISTICS at Ta = -40* to *K'C 







TEST 


LIMITS 




CHARACTERISTIC 




CONDITIONS 


ALL TYPES 


UNITS 








MIN. 


MAX. 




Minimum Data Retention Voltage 


VOR 


C5>Vdo -0.2 V 


2 




V 


Data Retention Quiescent Current 


IddDR 


VoD = 2 V, 
CE= Vss 




1 





S3 
< til 

UJ & 
(0 IE 
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Serial Multiplexed Bus Interface 



Features 

• Differential Bus for Minimal EMI 

• High Common MoclaNelaafmiaisr 

• Ideal for IWIsled Pair Wiring 

• Data Collision IMaelion 

• Bus Arbitration 

• Idle Datactlon 

• Progr a m m tloOHfekDWder 

• PoiM«r^ Raaot 

Ordering Information 



PART 
NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


COP68HC68S1E 


-40°Cto+105''C 


14 Lead PDIP 


CDP6BHC68S1M 


-40°Cto+105'^ 


20 Uad SOIC (W) 



Description 

The C0P68HC6SS1 Serial Bus Interlace Chip (SBIC) provides 
a means of interlacing in a Small Area Network configuration, 
various microcomputers (MCU's) containing serial ports. Such 
MOU's include the family of 68HC05 microcontrollers. The SBIC 
provides a connection from an MCU's Serial Communication 
Interface (asynchronous UART type interface) or Serial Periph- 
eral Interface (synchronous) to a medium speed asynchronous 
two wire differential signal bus designed to minimize electro- 
magnetic interference. This two wire bus forms the network bus 
towtilch all MCU's are connected (through SBI chips). See Pig- 
ure 1 . Each MCU operates independently and may be added or 
deleted from the bus with little or no impact on bus operation. 
Such a bus is ideal for Inter-microcomputer communtcaSon 
hazardous electrical environments such as automobiles, aircraft 
or industrial control systems. 

In addition to acting as bus arbiter and interface for microcom- 
puter SCI port to differential bus communication, the 
CDP68HC68S1 contains all the circuitry required to convert 
and synchronize Non-Return-to-Zero (NRZ) 8-bit data received 
on the differential bus and clock the data into a microcomputer's 
SPI port. Likewise, data to be sent by a microcomputer's SRI 
port is converted to asynchronous format by appending start 
and stop bits before transmitting to other microcomputers. 

Refer to the data sheet for the CDP68HC05C4 for additional 
(nfotmation regarding CDP68HCC% micrpcompvlers and their 
Serial Communications and S^I Peripheral IntwEaces. 

The CDP68I-IC68S1 is supplied in a 14 lead dual-in-line plastic 
package (E suffix), and in a 20 lead small outline plastic pack- 
age (M suffix). 

Operating voltage ranges from 4V to 7V and operating temper- 
ature ranges from -40°C to -f 105%. 



Pinouts 



CD6SHC68S1 (POIP) 
TOP VIEW 
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•E 
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ii]es 
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BUS-Q 




•]REC 
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CD68HC68S1 (SOIC) 
TOP VIEW 
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Specifications CDP68HC68S1 



Absolute Maximum Rattngs Themial Inf^ato 

Supply Voltage (Vdd) -0.3V to+7.0V Thermal Resistance Bja 

Input Voltage (V|n) Vgs -O.SV to Vqd+O.SVdc Plastic DIP Package ^00°C/W 

DC Input Current (I|n) ±10mA Plastic SOIC Package 120°C/W 

Storage Temperature Range (Tstg) to +125°C 

Lead Temperature (Soldering 10s) , +265°C 

CAUTION: Stresses above those listed in 'Absolute Maximum Ratings' may cause permanent damage to the device. This is a stress only rMiganit operation 
of the device at these or any other conditions above those Indicated in tfie operational sections of this specification is not implied. 

r i . '.Jfm- 

Operating Conditions 

Operating Temperature (T/0 -40°C to +1 05''C DC Operating Voltage Range (Vqd) .....I.'.... +4V to +7V 



DC EtaM^Vtoel Speelfilcatibns Ta = -40°C to +1 05°C umess Otlienwlse Noted. External Bias (Vq) shall b» 1:M«9i 3.13V Unless 

Othenwise Noted. 



PARAMETERS 


SYMBOLS 


TEST CONDITIONS 


MIN 


MAX 


UNITS 


SIGNAL I/O SECTION ' " 


Output Voltage High Level 


Vol 


Open Circuit 




0.05 


Vdc 


Output Voltage Low Level 


VoH 


Open Circuit 


Vdd-0.05 




Vdc 


Input Voltage Low Level 


V|L 






0.3Vdd 


Vdc 


input Voltage l-iigh Level 


V|H 




0.7Vdd 




Vdc 


Output High Drive (Source) Current 
(REC Pin) 


'oh 


VoH = 4.6V, Vdd = 5V 


-0.12 




mA 


Output High Drive (Source) Gurreflt 

(IDLE, Control Pins) 




VoH = 4.6V,Voo=5V 


-0.04 




mA 


Output Low Drive (Sink) Current 
(IDLE, Control, REC) 


lOL 


VoH = 0.4V,Voo«5V 


0.36 




mA 


DIFFERENTIAL TRANSCEIVER (SEE FIGURE 4) TRANSMITTER 


BUS+ 


Iaol 


Vo = VDD/2,RL=i2on 


2.75 




mA 


Iaoh 


Vo = Voc)/2, R|.= 120n 


-1.0 


1.0 


ma 


BUS- 


'bol 


Vo = Vdd/2, Rl = 120n 




-2.75 


mA 


'boh 


Vo = VDD«,RL=120n 


-1.0 


1.0 


ma 


'aol " 'bol Match 


Im 


Vo = Vdc/2.Rl = 120Q, 
Vdd = 5V±0.5V 




5 


% 


Output Rise Time (BUS+) 


tR 


Vdo = 5V, Cl = 25pF 




1.5 


US 


Output Fall Time (BUS-) 


If 


Vdd = 5V, Cl = 25pF 




1.5 


lis 


Transition match (50% Point) 


tw 


Vdd = 5V, Cl = 25pF 


-50 


50 


ns 


RECEIVER 


Differential Sensitivity 


V|DH 


Vo = 2.5V, Rl = 1 20Q, Vdo = 5V 




120 


mV 


VlDL 


Vo = 2.5V, Rl = 120Q, Vdd = 5V 


20 




mV 


Hysteresis (Within V|dh, V|dl Limtts) 


Vh 


Vo = 2.5V, Rl = 120Q, Vbd = 5V 


20 




mV 


Propagation D^ay 


tp 


V|DH=120mV,VoD = SV 




700 


ns 


Out of Range 


Vax 


Vdd = 5V 


3.8 




V 


Vmin 


Vdd = 5V 




1.2 


V 


Quiescent Dsvk» Current 


Idd 


Vdd = OV,Vo = 2.5V 


-10 


10 


HA 


Clock Speed 


Ux- 


Vdd = 5, Ru = 120Q, Cl = 25pF 




TBD 
(Note) 


IVIHz 



NOTE: Although 1 1VIHz is generally used as an e)«iTiple fiirotighout thts dsta^ee^ lie ma)dn)Um speed 1^ 

upon user's noise tolerance requirements. 
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The Serial Bus IC ofters the user three possible modes of 
operation as defined by Table 1 - Sa (Note 1 ), SPI, and Buff- 
ered SPI. Also Included Is a "three-state mode" entered by 
pulling the CS pin high while in the Buffered SPI mode. As 
the name implies, the SCI mode is used when communicat- 
ing through the microcomputer's SCI port. In this mode, 
asynchronous NRZ data format (1 start bit, 8 data bits 'least 
significant bit first', and 1 stop bit) and baud rate r«!ina|r! the 
same on each "side" of the SBIC, i.e. to and ftoin ttie iqicro 
and to and from the differential network bus. 

TABLE 1. MODE AND CHIP SELECT DEFINITION 



SBI CHIP MODE 


MODE PIN 


cspm 


SCI 


1 


1 


SPI 


1 





Buffered SPI 








Three-State (Note 2) 





1 



NOTES: 

1 . SCI is the UART interface of a 68HC05 MCU. The 
CDP68HC68S1 is compatable with most UART devices. 

2. The three-state mode is only entered when using the Buffered 
SPI mode. In ttie three-state mode, only the XMIT, REG, and 
SC K pins are three-stated. The CONTROL and IOL£ pins are al- 
ways active. 

During data transmission, while a byte Is being transmitted 
from the MCU through the SBI chip onto the differential bus, 
it is also reflected and simultaneously received back at the 
micro, (this is required for bus art>itration as described later). 




HGUREI. POSSIBLENETWORKCONFIGURATION-VARIOUS 
MICROCOMPUTERS USING SBI CHIPS TO COM- 
MUNICATE ALONG DIFFERENTIAL BUS. 

In addition to performing a framing error check in the SCI 
mode, other advantages gained by using the (In any 
mode) include greater system EMI tolerance and automatic 



bus "monitoring". The Sarittttt^ KitMfae^tslilptiandlss bus 
arUtnttonrdataoolHskm^totediorit andproM^les^ort circuit 
protection. • 

A 68HC0S MCU's SPI port may instead be used for bus 
communication. Two modes of SPI operation are available 
with the SBIC - one essentially places the 68HC05 micro- 
computer in the slave mode and the other allows the MCU to 
remain a master. In the nomial SPI mode the SBIC acts as a 
master and supplies a data-synchronizing serial clock signal 
to the mtoro (which operates in the slave mode) for shifting 
data in or out of the micro's 8-bit SPI data register. Again, 
baud rates are the same on each side of the SBIC, however, 
the user must reverse the bit order of a byte transmitted or 
received via the SPI port due to the SPi's most significant bit 
first serial data nature. In additkxi, since the user microcom- 
puter is operating in the slave mode it must signal the SBI 
chip (by pulling the COI^fTROL line low) to initiate a transmis- 
sion. As in the SCI mode, during a transmission, the byte 
originally in the SPI data register is replaced by the byte 
reflected from the bus. 

Transmission and reception of data in the Buffered SPI mode 
allows the user to free the micro's SPI port by allowing fast 
data communication (IM bits/second) between the SPI port 
and SBIC. For instance, if the MCU Is transmitting, the SBIC 
converts the data stream from the MCU's SPI port to a 
slower speed for transmission along the differential bus 
when the bus becomes idle. Data speed conversion is 
accomplished via a 2 byte (16-blt) data buffer register resid- 
ing In the serial bus chip. In this mode the MCU operates as 
a master and provides the serial clock signal to the slave 
SBIC peripheral. After fast data has been sent toor received 
from the SBIC, the micro can pull the SBIC's CS pin high 
(placing the SBIC chip in the three-state mode) and then use 
the SPI port to access other SPI peripherals. 

All transfers tietween the user MCU and the SBIC in the 
Buffered SPI mode consist of 2 bytes, I.e. a message con- 
sists an even number of 8-blt transfers. A microcomputer 
wishing to transmit loads 2 bytes Into the serial bus 10 data 
register and then pulls the control pin low to initiate transmis- 
sion. During transmission the 2 bytes placed into the buffer 
are replaced by the two reflected bytes received from the 
bus. After every 2 byte transmission the user micro should 
transfer the two reflected bytes out of the buffer and the next 
2 bytes to be transmitted into the buffer. 

TABLE 2. CLOCK PROGRAMMING 



CLOCK INPUT 

DIVIDE FACTOR 


A PIN 


BPIN 


■t-1 








+2 





f 


+ A 


1 





-HO 


1 


1 
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Functional Pin Description 



PIN NUMBER 


SYMBOL 


IN/OUT 


DESCRIPnON 


1 


CLK 


Input 


This is the clock input that shaii tie divided by the SBIC (as descril>ed in Table 2) and used 

as an internal synchronizing clock. The internal clock is then further divided by 128 to de- 
termine baud rate, i.e. 128 internal clock periods constitute 1-bit length. 


2,3 


AandS 


Irywt 


Programing Inputs of the dock divider. These inputs ere Had to -fVoo or V$g dependUig - - 
upon speed o( extemai cioA source. (See Table 2) 


4 


Mode 


Input 


This Input shall be used In coiijuncllanwith CS inpiA40;def!ne llie mode. of operation (see 
Table 1 ). It may be permanentfy wired to -t-VoD-Of Vss Pf driv«{n.hlg>i pr low by MCU VO 
lines. . 


5,6 


BUS+ 
and BUS- 


Input/Output 


This is the two wire differential bus I/O used to transmit and receive data to and from the 
differential bus. BUS-f is both responsive to, or driven positive by sourcing current from 
an extemally established bias point This sourcing current matches the BUS- l/Os sinking 
current BUS- Is both responsive to, or driven negative by sinking current from an exter- 
nally established bias point TMs sinldng current matclies the BUS+ l/Os sourcing current. 


14, 7 


Vdo and 

Vss 


- 


Power and ground reference aif supplted to the device via these piiu^ y^ is power and 
Vss Is ground. 


8 


XMIT 


Input 


in the SCI mode this data Input shall come from the microcomputer standard NI=tZ asyn- 
chronous communcatiana output port (68HC05 SCI port pin TxD). In the SPI modes, it 
shall come from ttw microcani|wl^s synchronous output port (OmOOS^^i port pin 
MOSIorMISO). 


9 


REC 


Output 


In the SCI mode this data output shall be fed into the mlerocomputef a^iananous disin- 
municatkvis Input port (68I-IC05 SCI port pin FIxD). In the SPI modes it shall be fed into 
the microcomputer's synchronous input port (6805 SPI port pin MOSI or MISO). 


10 


SCK 


Input/Output 


in the SCI mode, this I/O is not required. In both SPI modes this pin is connected to the 
68IHC05's SPI port SCK pin. In the normal SPI mode, the SBIC shall produce shift clock 
pulses via this pin for synchroriously shifting data into and out of the rnicroconiiular.)^ , 
Itie Buffered SPI riKxIe ttils pin is an InpiJt and the nilcrocoTTiputer shall generm the ^tt 
ckxsk pulses. Figure 3 shows the rstaHoncMp t)etwsen the seritf isldck aignai and othea' 
SBIC signals in the SPI mode. 


11 


C§ 


Input 


This input shall b6 used in conjunction with the mode input and sfiall be used as a chip 
select (see Table 1 ). It may be permanently wired to +Vqo or Vgs or driven high or low by 
MCU I/O lines. 


12 


Idle 


Input/Output 


The mtorocomputer sliaii monitor this sigtial to determine the bus condltkin and also pull 
this line knv to generate a brealc. The IDLE signal goes knv wlien the bus is klfe (after 
sensing an End of Message condition) and high whei^the bus isaclive.|On reset, this pin 
is set to a kjgk; zero. ' - 


13 


Control 


InputOU^iut 


The mterocomputer shall monitor this I/O pin in the SPI mode to handle transmission and 
receptton of data. In the SCI and SPI modes, as an output, this pin will go low to indicate 
that a data byte is currently active on the bus. In the Buffered SPI mode the control pin 
indicates whether the user mk;rocomputer has cun-ent access to the SBI chip's internal 2 
byte buffer (signified by a logk;. high on the control pin). In both SPI modes the cj(i;roljg|),j 
is also effective as an Input. In these modes the control pin is pulled low by the user mi- 1 
crocomputar to Initiate a tiansiiiit Qperatkm by Vie SBIC. 11)e control pin^ nomially high 
when the bus is Inacthre. On reset this pin is set to a togk; high. ; i 

t 



men 
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Differential Transceiver Ceii 

The differential transceiver is a serial interface device which 
accepts digital signals and translates this information for 
transmitting on the two wire dHfererttial bus. ' 

The transmitter section (shown In Figure 4), when transmit- 
ting, provides matched constant current sources to the bus 
"+" and bus "-" I/O sourcing and sinking respectively. When 
transmitting, a logic zero at the "transmit data" input causes 
the bus V I/O to provide source current and the t>us "-" I/O 
to provide a matched sinic current A logic one at the "trans- 
mit data" input causes the bus '■¥' and bus '-" l/Os to simulta- 
neously provide a high Impedance state. The bus depends 
on external resistor components for bias and termination. 
Recommended resistor sizes are shown In Figure 4. 
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FIGURE 4. DIFFERENTIAL DRIVEmRECEIVER 

A zero transmitted on the bus will appear as a large voltage 
drop across the BUS+ and BUS- pins, i.e. BUS-i- might typi- 
cally sit at +2.8V and BUS- at +2.2V for a logic zero. For a 
logic level one, the SBIC actually three-states the BUS+ and 
BUS- pins and relies on external resistors to bias the bus 
lines. The lines are both biased to sit at approximately 2.5V 
with a small (perhaps 20mV) voltage drop across the two 
lines. In this condition the BUS- line actually sits at a slightly 
higher potential than the BU&i- line. See Figure 5. Thus, the 



bus actually floats" to a logic level one, but must be driven to 
a logic level zero. Logic 0-blts always dominate over logic 1- 
bits on the bus. If two MCU's simultaneously transmit a zero 
and a one on the bus, the zero will override the one and the 
bus will merely appear to be transmitting a zero. The "mark- 
ing" or idle signal on the bus is a logic one. If the bus Is idle 
or if a micro Is sending a logic one, then a one will appear on 
the bus. 

In addition to the transmission of data, the differential data 
transceiver accepts at its bus and bus '-" l/Os, serial dif- 
ferential data whk4i is translated into the steuidard digital 
logic levels. This reception of data also occurs while trans- 
mitting, thus reflecting the data seen on the bus back into the 
SBIC data register. 
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Typical voltage levels seen on BUS+ and BUS- 
1/0 pins for logk: zero and k)gic 1-bits. Notice 
ttiat the BUS- Pin is t)iased to actually sit a 
higher voltage potential tfian the BUS+. Values 
shown are for Vqq = SV 

FidllRE& 

The differential transceiver cell allows bus activity by other 
devices on the bus "+" and bus "-" l/Os when power to the 
cell is shut off. Therefore, this powered off condition places 
the transceiver outputs, BUS "+" and BUS "-", In a high 
impedance slalts. When the ceil is either being powered up 
or down, with or without bus activity, SCR latch-up protection 
is provided such that this activity is not affected. 

IDLE IDLE IDLE IDLE IDLE IDLE IDLE IDLE IDLE IDLE IDL£ 
STOP BITBITBrrBITBITBrrBrTBITBITBITBn^ 
1 2 3 4 5 S 7 e 9 10 . 11 




REC 

CONTROL (1)(3) 
CONTROL (2) 



NOTES: 

1. The control signal at the transmitting node. 

2. The control si^ial at tlie receiving node. 

3. There Is a delay lietween the control pin tielng pulled low and the actual l}eglnnlng of ttie start bIL 

4. If the control pin is again puled low before the end of the stop bit, then the next start bit will begin at the end of the previous stop bit. 

FIGURE 3. SCK. CONTROL, AND iBS SIGNALS DURING THE SPI MODE OF OPERATION 
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Receive data Is an output from the differential transceiver 
cell. It is the output of a differential amplifier which decodes 
the bus '+" and "-" I/O. When the bus '+" and "-" has been 
driven positive and negative respectively to a differential volt- 
age value greater than V|oh> the output of the differential 
amplifier is a logic one, which is inverted and considered a 0- 
blt fran the bus. Otherwise, for level below V|dl the differen- 
tial amplifier output is a logic zero, which, in turn, is Inverted 
and considered a 1 4>it from the bus. 

twisted wire pair (or adjacent PC board tracM) Is rae- 
ommended for the two differential bus lines. 

The BREAK input, when held at a logic zero, (low) causes 
the differential transmitter driver to generate a continuous 
logic level zero on the differential bus. This action can gener- 
ate a data collision which can be either used as a breal< or a 
request for arbitration by the system. When held at logic one, 
(high) this input has no effect on the operation of the cell. 

The out of range output is normally a logic zero but goes to a 
logic one when the common mode voltage on both differen- 
tial bus inputs exceeds a voltage value greater than Vmax °' 
less than V^^m (see device speelfications). This output is 
used by a latch to hold the received data at the logic level it 
was before the over range signal occurred. 

Provided on chip is a power-on reset function. The transceiver 
cell's reset output is held to a logic zero on power up and 
switches to a logic one at or before Vqd rises to 4.0V. This out- 
put is used to ensure that other on-tx)ard logic has been prop- 
erly initiated. During this reset time, the bus "+" and the bus "-" 
l/Os provide a high imped^ae^.f)8tB to the bus. 

Bus Speed 

SBIC systems typically use a bus speed of 7812.5 bits/sec- 
ond which is accomplished by using a IMHz Internal clock. 
IHowever, no restriction on any other baud rate is designed 
into the chip, except its ijpper speed limit (See device speoffi- 

cations). 

Bus Byte Format 

All bytes transmitted on the bus follow tfie standard UART 
style asynchronous non-retum-to zero data format consist- 
ing oft start bit (logical zero) followed by 8 data bits (LSB 
first), and 1 stop bit (logical one). 

Bus Messags Rnmat 

All messages transmitted on the bus consist of a number of 
bytes, from 1 to N, with no restriction on length. The user must 
be aware, however, that the longer the message length, the 
greater the probability of oMotl wUh m^Si^jes being trans- 
mitted at random from other masters on ttie bus. Typical mes- 
sage lengths of systems now in use range from 1 to 4 bytes. 

The actual definition of each byte sent Is left for the user to 
determine, I.e. the user must define the system protocol. For 
Instance, a typical (and recommended) protocol might dic- 
tate that the first byte of each message sent be a unique 
address/identification byte. The first byte sent by a node (an 
MCU coupled with an SBI chip) might contain address infor- 
mation telling where (to which node[s]) the message is tar- 
geted for or where the message came from. 



Other posslMities wmM be to Identify the type of nfessagji^ 
sent (e.g. an instruction or just information) or the length of 
the message. The remaining bytes in each message can be 
merely data bytes that comprise the actual message. The 
user can even use the last byte as a check sum so that all 
receiving nodes can check for errors in transmission. 

Messages are normally received by all nodes on the bus and 
may be processed by one or more micros, i.e.. each IvICU 
may decide, after receiving the first byte (address/ID byte) 
that this particular message is not needed for its operation. 
The MCU can then Ignore the remainder of the message. 

Prioritlntton 

Since simultaneous transmission of address/ID bytes from 
several microcomputers is a possibility, a system of prioriti- 
zation should be detennined for bus arbitration. Due to the 
electrical characteristics of the differential data bus, each 
unique address/ID byte can automatically contain priority 
information used for bus arbitration. Merely use "lower" value 
ID bytes for higher priority messages. "Lower" valuer in the 
SBIC case, means an ID byte with more zerq^ in tls lead! 
significant locations. To further explain, since the dife^en^ 
bus transmits data least significant bit first and a zero ovtk 
rides a 1-bit simultaneously transmitted by different nodes, 
an ID byte with least significant bit equal to zero will override 
an ID byte from a micro whose least significant t>it is a one. If 
this does occur on-chip bus arbitration will automatically 
allow only one SBIC chip (with the highest priority address/ 
ID byte) to continue transmitting. In this case it is the micro 
who transmitted the 0-bit Assuming both ID bytes contain 
identical LSBs (bit 0) then artiitratton is carried on to the next 
bit (bit 1),and soon. 

Reflected Data 

Whenever a microcomputer sends data through the SBIC 
and onto the differential bus, it will always receive reflected 
data back. The reflected data is the data that was actually 
seen on the bus. Keep In mind that during data collisions 
between simultaneously transmitting micros, zeroes override 
ones. In addition, any noise that may have been induced on 
the bus may alter the resultant reflected byte. 

Bus Arbitration * 

Bus arbitration is the attempted transmission onto the differ- 
ential bus of an initial byte (preferably an address/ID byte) by 
one or more user microcomputers. The purpose of bus arbi- 
tration is to enable a single microcomputer to obtain sole 
usage of the bus for the purpose of transmitMnp a message. 

Bus arbitration is accomplished via a combination of meth- 
ods which include an MCU software comparison of transmit- 
ted bytes to reflected bytes, the SBIC's collision detection 
circuit, and te start bit aibitrittion detector circuits. 

Collision Detection ~' 

The SBIC's collision detector circuit cxmpates pa bits beirig 
sent from a user microcomputer to the reflected t>yte simul- 
taneously received back from the differential bus. If the colli- 
sion detector detects a difference in the data, it immediately 
blocks the user microcomputer's transmitted data from fur- 
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ther reaching the bus. This will happen, as stated In the 'Pri- 
oritization' section, when a micro with a higher priority 
address/ID t)yte attempts 'simultaneous" transmission (actu- 
ally, i.e. within a time window of 1/4 bll time).That micro, with 
a higher priority ID byte, is obviously sending a O-bit and its 
reflected byte matches the byte it is sending. Not detecting a 
collision, it continues to transmit its message, while the lower 
priority MCU is cut off from transmitting on the bus. The 
lower priority micro will be' inhibited from transmitting on the 
bus until messagft praeeritly on the bus .ha$ egded 
(EOM > lEnd <rf Message^ eondition). 

End of Message Condition 

After transmitting the last byte of a message, the transmitting 
MCU must generate an End of Message (EOM) condition. 
An EOM condition is defined as a 10-bit length idle condi- 
tion, i.e., the bus must remain idle (logici) for a period of 10- 
bit times (1280 internal clock periods). This can be done by 
merely creating a 10-bit delay in MCU software. 

Start Bit Arbitration Detection 

Arbitration, as discussed above, is only necessary wfien two 
or more micros attempt to transmit within 1/4 bit time (32 
internal clock (leriods) of each other. Othenwise, once a 
mk:ro begins a transmission on the differential data bus, ail 



other SBI chips sense the start bit and inhibit their mterocom- 
puters from transmitting (again, after a 32 clock period arbi- 
tratkxi window delay). Once the arbltratton detector circuit 
has bfc3cked an MCU's transmissk>n, access to the bus will 
be blocked until an End of Message condltkxi. 

Start of Itossage Delay 

In order to properly synchronize various MCU's (which may 
l3e using different modes of operation) for impartial arbitra- 
tk)n, each node must delay 2-t>it B mes (256 hlemal ctodk 
periods) after detecting the IDLE signai drop tow before 
transmitting, i.e., before the start bit of the next message 
reaches the bus. When using tfie SPi or Buffered SPI 
modes, this delay Is automatical^ designed into the SBI 
chip. However, when using the SCI mode, the MCU must 
support this required delay. R>rtunat9l|&J8HISBS.fnic(occm- 
puters using the SCI port will Inhera^^fltqieiience a delay 
between the time that the SCI data register is loaded and the 
time that the start bit actually appears on the SCI port trans- 
mit pin (TxD). At a baud rate of 7812.5 bps this delay can be 
as long as 256 SBI chip internal clock periods, if this is so, 
then the user MCU does not have to worry about providing 
this delay. 
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NOTES: 

1. USER #1 is note transmitting + marking. 

2. Point at wtiich USER #2 loses bus arbitration. 

3. Point at whicti USER #3 loses bus arbitration. 

4. Point at which USER #3 loses bus arbitration. 

5. This '1' bit Is not overridden by the '0' bits from users 2 and 3 because both users 2 and 3 have pwri- 
ously been blocked from bus access due to data collisions. 

6. The conbol pin on the truismiltbig node goes low eailisr In both SPI modes (tt Is pullad tow i>y micro). 

7. The control pta remains tow untllihe end of the last data bit (rf the 2 Ityte sat when using the buflwad 
SPI mode, but goes high at the mkMto of the last data bit hi other modes. 

FIGURE 6. EXAMPLE OF THE SCI CHIP OPERATING DURING BUS ARBITRATION 



Idle Detectf on 

An idie detector circuit Is used to detect wtien tfie differential bus 
Is in the Idle condition, i.e., no user microcomputer has control of 
the bus and the bus is sitting at a mark condition (a logic one). 
The Idle detector senses a received stop bit and delays for a 
short idle period of 10-bit times, during which the bus must 
remain idle. The idle output pin Is then set to a logic zero (true). It 
is later set to a logic one by receiving a start bit. During the 10-bit 
time delay, If a non-ldie condition such as noise is detected on the 
bus, aw (j||fav,pe«l9C>PS^^ 

Due to the 10-blt time idle delay period, once an MCU wins 
bus artjitriltion, it should send the next data t)yte to be trsns- 
mltte«l within a petsiod of to-bit times (1280 intemal clocit 
periods). Each subsequent dslta byte to be sent should also 
not exceed the Meitsyte maximum of 10-bit times, if this 
mai^um is exceeded, ail SBIC chips will have detected the 
idieieondition and now puii their idle lines low and reset their 
bus arbitration and collision detection circuits, thereby allow- 
ing other SBI chips with messages to send to arbitrate for the 
bus. Figure 6 shows the detailed operation of the serial bus 
interface chip during bus arbitration. This example shows the 
arbitration of a single byte (e.g. the address/ID byte) from 
three different user microcomputers. Two full arbitration 
cycles are shown. 

Break Generator 

A request for arbitration can be generated by a node that 
needs to interrupt transmission of a long da ta str ing. This 
can be accomplished by forcing the SBIC's IDLE pin to a 
logic zero; this forces a data collision (by sending 0-bits) 
after three data bytes have been transmitted, and the trans- 
mitting MCU is required to detect this break condition and 
stop transmitting. It is, however, allowed to re-arbitrate for the 
bus and the interrupting mode may not generate a second 
break condition if it loses arbitration. 

Using the CDP68HC68S1 

Following are some hardware and software recommenda- 
tions for using CDP68HC68S1 Serial Bus Interface Chip. 
Requirements may vary depending upon the user's system 
configuration. „ 

Hardware (General) 

The differential bus lines (BUSf and BUS-) must be termi- 
nated with external resistors as shown in Figure 4. This 
applies, however, only to one node (an MCU/SBIC pair) 
along the bus. Since all SBI chips are wired in parallel across 
the network bus, there Is no need for additional 13K bias 
resistors at each node. The 120fl termination resistors 
should, however, be present at two nodes if the network 
does indeed contain two or more nodes. The 120£1 resistor 
provides the voltage drop across which the SBI chip senses 
logic zero and logic 1-blts. If two nodes each utilize 120n ter- 
mination resistors as shown In Figure 7A, the effective resis- 
tance across the BUS+ and BUS- pins drop to 60Q total (due 
to the parallel wiring method). Any less resistance would not 
provide an ample voltage drop for the receiver cell op amp to 
sense. Following these guidelines, typical systems might 
look like those shown in Figure 7. 




NiQFrE: HartlwaraeofrilguralkwteraiWt^Difccaiislg^ 
inicnxxxivuiBis. Notice that the puNQp leslBlor iicennected to 
the BUS- pin and the pulldown to BUS+. 

FIGURE 7A. 
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NOTE: Hardware configuratnn for a network consisting of 3 or 
more MCU's. NoOce that Itie bus utilizes no more than 1 set of 1 3K 
bias resistors and no more ttian two 120Q termination resistors. 

FIGURE 7B. 

FIGURE 7. HARDWARE CONFIGURATION FOR A NETWORK 
OF MICROCOMPUTERS 

Software (General) 

Although each user's protocol may vary, the following gen- 
eral procedure should be followeil.wlieh using the SBi chip 
in any mode: 

When a microcomputer is prepa ring to transmit a message it 
should monitor the SBIC's IDLE pin and wait for it to go low 
(logic zero) indicating the bus Is idle. Then the MCU 
attempts to transmit the first byte (preferably an Address/ID 
byte). If no other MCUs are transmitting at this time, or if this 
MCU has the highest priority ID byte, the SBI chip's collision 
detector circuit will permit transmission. 

The microcomputer must then confirm transmission by read- 
ing the byte reflected back from the bus. If this byte matches 
the byte transmitted then the MCU has gained control of the 
bus and may continue to transmit the remainder of the mes- 
sage (if any). 

If the reflected byte does not match the ID byte sent then the 
MCU has not gained control of the bus and may not pres- 
ently transmit. It shouM, however, check the reflected ID 
byte to see if the incoming messi^ (i.e. the message from 
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ANY MESSAQES TO TRANSMIT? 



YES m ATTEMPT TO WIN BUS 
ARBITRATION 



TRAMSMTT THE.II^.PSJK(Tlt; 



HAS THE MSG ID BEEN 
RECEIVED FROM THE BUS? 



DOES THE REC'D MSG ID EQUAL 
THE TRANSMITTED MSG ID? 



YES a WON BUS ARB. 

NO 



ARE THERE ANY MORE 
MESSACE BYTES TO TRANSMn? 



YES = SEND REST OFilipWjWB 



TRANSMIT THE NEXT MSG 
ID BYTE. 



HAS THE BYTE BEEN 
REC'D FROM THE BUS? 



I YES 



DOES THE REC'D BYTE EQUAL 
THE TRANSMITTED BYTE? 




ABORT THIS MESSAGE 
TRANSMISSION 

DUE TO A COLLISION. 
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the arbitration-winning MCU) is of any interest. If so, it 
Should save the incoming message (the length o f whic h may 
be specified in the 10 byte) and then wait for the IDLE line to 
go high before re-attempting transmission (if still desired). 
The flowdrart in Figure 8 reflects this pro^dcira. 

The SCI Mode, Hardware 

In the SCI mode, the TxD and RxD pins on the user micro- 
computer must be connected to the XMIT and REC pins on 
the SBIC chip, respectively, as shown in Figure 9. The 
MCU's SCI port should be configured for the same baud rate 
and character format as that used by the bus interface (i.e. 1 
start bit, 8 data bits and 1 stop bit). The start and stop bits 
are used to synchronize the data, a byte transfers between 
the user microcomputer and the SBI chip. When using the 
SCI mode, the SBI chip should always be properly mode and 
chip selected. This can be accomplished by either a user 
microcomputer output signal or by permanent wiring. This is 



required in order to aiways be able to receive messages 
from other microcomputers on the bus, which can happen at 
random. For the SCI mode, the SBI chip's MODE pin must 
be set to1 and the OS pin to 1 . 

SCI Mode, Software 

The procedure to follow for transmitting/receiving in the SCI 
mode is basically identical to that stated in the "Using the 
CDP68HC68S1-Software" section above, with the following 
exception: 

Start of Message Delay 

Transmitting a byte via the 68HC05 SCI port basically requires 
loading the byte into the MCU's SCI data regist er (on ce the SCI 
port is initialized). However, after the SBIC's IDLE pin drops 
low, the user may have to create a delay Ijefore transmitting the 
FIRST byte of a message; this necessary 2-bit time (256 inter- 
nal dock periods) delay is called the Start of Message (SOM) 
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delay. Fortunately, SCI ports exhibit an Inherent delay tsetween 
the loading of the transmit data buffer and the actual beginning 
of the start bit appearing oh the TXD pin. This delay, at 7812.i5 
Baud, can be as, long {@ 2§€ S6I chip internal clock periods 
and can be used to synchronize SCI users with SPI and Buff- 
ered SH &m. fi> erscMV fmp&m bus arbitration. Tfiei delay-t&r 
a particular rnicrocompifter must be determined by the user, if 
this inherent delay Is less than 256 dock periods, tfien the user 
must delay tfie loading of the first byte enough to ensure that 
the totai delay Inetudins the aiheisnt dela^ the SCI port if 256 
clocl< periods. ' 
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FIGURE 9. USING THE SO MODE 

Monitoring the IDLE Pin 

The user microcomputer must monitor the IDLE pin on the SBIC 
chip in order to determine when a message ends, when the next 
received byte Is a Msg ID byte, and when to attempt arbitration 
If the user microcomputer has a message to transmit 

The user microcomputer must be able to both detect when 
the IDLE signal goes from high to low and sense at other 
times wh^er it is either high or low. Detecting the change 
from high to low Is necessary in order to l<now exactly when 
the bus goes idle. An MCU can then begin bus artjitratl on by 
attempting to transmiL Being able to sense the level of IDLE 
Is nece^ary In orde r to b e able to start transmitting a mes- 
sage sometime after IDLE has gone fow but no otfier user on 
the bus has had a message to transmit for a length of time. 

Instead of polling the IDLE pin via an MCU input pin, the 
user may wish to conserve CPU time by using interrupts to 
monitor bus activity. The user microcomputer's exte rnal 
interrupt pin (IRQ) can be used to edge W&'ffitC pin 
for high to low transitions. 

Using 68HC05 SCI Port Flags 

During message reception, the 68HC05 SCI port receive 
data register full flag (RDRF), and optionally its associated 
interrupt, can be used by the user microcomputer to deter- 
mine when to unload the next received byte. 

The user may wish to Ignore the RDRF flag and disable the 
RDRF interrupt during reception of an unwa nted m essage. 
In this case the user can merely wait for the IDLE pin to go 

low before attempting any further actions. 

The normally available transmit data register empty flag 
(TORE) can be used to determine when to load the next byte 
to be transmitted onto the bus. If there are no more bytes to 
be transmitted, then consider the last message as having 
been transmitted, and generate an End Of Message (EOM) 
(i.e. transmit a logic 1 for 10 contiguous bit times by creating 
a software delay). 



Framing Errors 

While in the SCI mode, the SBI chip Is capable of detecting 
Incoming framing errors. It will do this even though the 
Incoming signal is also echoed to the user microcomputer, 
which should also detect the framing error via Its' UART. 
When a framing error is detected by the SBI chip, the gener- 
ation of the SCK pulses Is tennlnated until and End Of Mes- 
sage is detected. - juiMMumJ. 

ne SPI Mode ihrtMiihi 

The Master Out Slave In, (MOSI), and Master In Slave Out, 
(MISO), pins on the user microcomputer are connected to 
the REC and XMIT pins of the SBI chip, respectively, as 
shown In Figure 10. The SCK pins on the user microcom- 
puter and the SBI chip are connected together. Synchroniza- 
tion of data transferred between the user microcomputer and 
the SBI chip Is done by using the SCK signal provided by the 
SBI chip. 

In the SPI mode of operation the SBI chip should always be 
properly mode selected. This may be accomplished either 
by a user microcomputer output signal or by permanent wir- 
ing In order to guarantee that the SBI chip will always be 
able to receive messages from other microcomputers on the 
bus, which may happen at random. To select the SPI mode, 
set lheM6@i'^'n to a logle I and the CS pin to a logic 0. 
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FIGURE 10. USING THE SPI MODE 

The user microcomputer should configure its SPI port for 
slave mode operation with SCK positive polarity and data 
transfer on SCK leading edge (i.e. CPOL = 0, CPHA = 1, for 
68HC05 microcomputers). 8-bit data transfers between the 
user microcomputer and the SBI chip occur at differential 
bus transfer speed. i 

In the SPI mode, the user microcomputer agpst^ in the 
slave mode and the SBI'chip opemfes <^ tfi^maaer. The 
SS pin on the user microcomputer must be wired low or 
forced low whenever the SBI chip has incoming data. It may 
be useful to connect the CONTROL pin of the SBI chip to the 
Slave Select (SS) pin of the 6eHC05 microcomputer. The 
SBI chip will then control the user microcomputer's SPI port. 
The user microcomputer can request transmission of data 
onto the bus by the SBI chip by loading data into Its SPI data 
register and then pulling the SBIC's CONTROL pin low (for 
at least l^s). Howevjsr, It must do so bffore the SBI chip has 
begun to receive diata from ariotfier MOll. 
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SPI Mode, Software 

The SPI mode is similar to SCI mode in that the user micro- 
computer sends/receives data to/from the SBI chip 1 byte at 
a time. In the SPI mode, however, the user microcomputer 
must reverse the bit order of transmitted and received bytes. 
When transmitting a message, each bit of a transmitted byte 
is simultaneously transmitted onto the bus and a reflected bit 
is simultaneously received from the bus. 

Monitor and Control of the CONTROL Line 

In the SPI mode, the user microcomputer monitors the CON- 
TROL pin on the SBI chip in order to detennine If the SBIC is 
ready to accept a transmit request Actually, a data collision 
may still occur and tlie usermieiioeenqMtsi^wysl ai<My8 bsi 

ready to handle It. 

The CONTROL signal Is normally high and goes tow when 
data is on the bus or when pulled low by the user microcom- 
puter After being pulled low by the user microcomputer, which 
signals a request to begin the transmission data, the CON- 
TROL signal will latch low and stay low until the middle of the 
last data bit has been transmitted and appears on the bus. 

The CONTROL signai will aiso go low at the beginning of the 
first data bit, when received from the bus. H tM then go h^ 
at the middle of the last data bit. 

When the SBI chip begins to receive a byte of data from the 
bus and the user microcomputer has not pulled the SBIC's 
CONTROL line low, the SBI chip will pull CONTROL low and 
start generating the SCK clock signal. As each data bit is 
received it is cloclced out of the SBI chip and into the user 
microcomputer. Any data In the user microcomputer's SPI 
data register will be transferred out and into the SBI chip. 

The CONTROL signal wrill go high at the midpoint of the 
eighth data bit. This will allow the user microcomputer to 
have enough time to review the just received SPi data and 
reload it, if further data is needed to be transmitted. How- 
ever, it must again pull the CONTROL pin low to signal he 
SBI chip that it should begin transmitting. As a slave to he 
SBI chip, the user micro^ncQiMrter rm^t bfs able io and le the 
incoming data on the SPT pmt without^e»Hng As ottw soft- 
ware routine functions. 

Detecting IDLE via a User Microcomputer External 
Interrupt 

The user micro proce ssor's external interrupt should be set 
to edge detect IDLE for falling transitions, i.e. EOM detec- 
tion. If possible, detect CONTROL for rising transitions, for 
byte transmission/reception complete detection. 

Use of Internal User Microcomputer Flags and Interrupts 

The normally available SPI finished flag (SPIF) and optionally 
Its associated Interrupt may be used by the user microcomputer 
to know wtien a byte transmission/reception of is complete. 

The user microcomputer should be ready to haiKHe the WrRe 
Collision, WCOL, error flag. The WCOL flag is set when a 
collision is detected in the SPI port. This will oecur when the 
user microcomputer tries to load a byte into the SPI data 
register after the SBI chip has already begun to load data 
into the SPI port. 



Sanding Messages to Other Mlcrocompirtars on the Bus 

In order to send a message to other microcomputers on the 
bus while in the SPI mode the user microcomputer should: 

1 . Monitor the IDLE pin and determine if the bus is currently 
busy or If a transmission may be immediately started. 

2. Monitor CONTROL to determine if it is oi< to load the byte 
to be transmitted into the user microcomputer's SPi data 



3. Load the byte to be transmitted into the SPI data register. 

4. Pull the CONTROL pin low to signal the SBI chip to start 
a byte transmit cycle. 

5. Wait until the byte transmit cycle is completed as signaled 
by the SPI Finished, SPIF, flag/interrupt in the SPI port or 
by the CONTROL signal going high. 

6. Compare the received byte with the last transmitted byte. 

7. If the received byte equaisthe lost transnitted byte, and 
more bytes remain to be transmitted, then continue the 
(^cle with step #3. If there are more messages to trans- 
mit, 0ien go to step #1 . If there are no more bytes to be 
transmitted, then consider the message as having been 
transmitted, and generate an End Of Message (EOM) 
(i.e. delay for 10 contiguous bit times). Go to step #1 . 

8. If the received byte does not equal the last transmitted 
byte and this is the first byte of a message, then treat the 
received byte as the first byte of a received message (i.e. 
the ID t> yte). A ttempt to retransmit the previous message 
after the IDLE signai has gone low again. If this happens 
during the tiansmtesion of a later message byte, other 
than the ID byte, then consider it due to either an errone- 
ous data collision on the bus or due to noise collisions on 
the bus causing the miMSiige is to b6 re-transmit- 
ted. Go to step *1. 

■ • » „ I- . . -i . 

Framing Errors 

While In the SPI mode, the SBI chip Is capable of detecting 
incoming framing errors. If one is detected, generation of the 
SCK pulses to the user microcomputer is terminated. The 
SBI chip essentially quits receiving data and starts looking 
for an End Of Message. Resetting of the SCK generator will 
occur upon receiving an EOM. Meanwhile, software must be 
prepared to resynchronize the micro's SPi port this can be 
done by disabling and then reinitializing it. 

Even though ttie SBI chip can detect framing errors, it can 
not flag the user microcomputer that one has occurred. 
Since the previously received byte has already been trans- 
ferred to ttief user microcomputer, the SBI chip will simply 
reftisis to accept any further Incoming data until an EOM 
occurs. Thus, one way that the user microcomputer may 
detect that the received data is valid, is via using a checl< 
sum byte imbedded within each message. Another way 
would be to compare the number of bytes received fora par- 
ticular ID to the number expected for that ID. 

Buffered SPI Mode, Hardware 

The MOSI and MISO pins on the user microcomputer should 
be connected to the XMIT and REC pins of the SBI chip 
respectively. The SCK pins on the user microcomputer and 
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the SBI chip should also be connected together, as shown In 
Figure 11. Synchronization of the data that is transferred 
between the user microcomputer and the SBi chip is done by 
the SCK signal which is provided by the user microcomputer. 

The Slave Select (SS) pin on. the user microcomputer must 
be wired high or forced high whenever the SBI chip Is 
selected. 

The user microcomputer should configure Its SPI port for 
master mode operation, SCK low polarity, and data transfer 
on first edge (i.e. CPOL = 0, CPHA = 1 for 68HC05 micro- 
computers). 

The SBI chip must be chip selected either by a user micro- 
computer output signal or by permanent wiring of its pins. To 
select the Buffered SPI mode, set the MODE pin and the OS 
pin to logic zero. This is required in order to transfer data 
between the SBI chip and the user microcomputer. However, 
in the Buffered SPI mode, since the MCU Is operating as a 
master and controls the SPI port, chip selection is only 
required during when the SPI transfers are actually occurring. 



MCU 

MOSI 
MISO 
SCK 
SS 
PAo 




SBIC 
XMIT BUS+ 




"E*: Bus- 

SCK 




— O+VoD 


Idle 




PA, 




CONTROL 
MODE CS 





" DIFFERENTIAL 

qBUS 



FIGURE 11. USING THE BUFFERED SPI MODE 

Buffered SPI Mode, Software 

The principle difference between the Buffered SPI mode and 
the normal SPI mode is the use of a 2 byte internal buffer. 
Also, the Buffered SPI mode allows the user microcomputer 
to operate in the master mode. Instead of the slave mode, 
which allows high speed transferring of data between. Sw 
SBI chip's buffer and the user microcomputer. 

For typical operation, the user microcomputer loads the 
SBI's 2 byte buffer, at a high speed, using its SPI interface. 
The 68HC05's SPI Finished flag (SPIF), and optionally its 
associated interrupt, may be used by the user microcom- 
puter to know when the transfer of a byte between the user 
microcomputer and the SBI chip Is complete. Then it signals 
the SBI chip, by pulling its CONTROL line low, to transmit the 
data In the buffer onto the differential bus. 

The SBI chip, at a differential bus speed, then attempts to 
transmit the buffered data onto the bus. During this attempt, 
the SBI chip will receive two reflected bytes of data bacl< 
from the bus, store them In the buffer and then disable the 
buffer from receiving further data from the differential bus 
until this received data Is later unloaded by the user micro- 
computer at high SPI transfer speeds. The MCU should also, 
at this time, simultaneously load the nexTZ'bytes Of data' to 
be transmitted Into the buffer. 



While it is transmitting and receiving the 2 bytes of data on 
the differential bus the SBI chip will not allow transfer of data 
to and from the user microcomputer. In fact, the SBI chip 
does not need to be chip selected during this time. 

The bus will override the user microcomputer If Incoming 
data Is received during the time when the user microcom- 
puter is performing a data transfer, after having unloaded the 
previous 2 bytes. The data from the differential bus will be 
loaded into the SBIC buffer, while the data from the user 
microcomputer will be lost. The data that the user microcom- 
puter will receive during this transfer, is undefined. The user 
microcomputer has no way of l<nowlng its transfer has been 
aborted unless It either monitors the CONTROL signal for a 
rising transition or by detecting that CONTROL was not high 
at completion of the SPI transfer. 

Monitoring the Control Signal 

The user microcomputer should monitor the CONTROL sig- 
nal on the SBI chip, in order to determine whether it is 
actively transmitting or receiving data. The CONTROL signal 
is used to determine who has access to the 2 byte buffer. Dur- 
ing data reception or transmission to the differential bus by the 
SBIC its CONTROL pin is low signifying that the differential 
bus now has access to the SBIC and the MCU is locked out 
from accessing the SBIC. Tfien when 2 bytes of data have 
t)een received from the differential bus, the SBI chip will pull its 
CONTROL line high, signaling to the MCU that the MCU can 
now access the SBICs 2 byte buffer. The MCU may now read 
the 2 bytes received and simultaneously transmit tvro more 
bytes (if desired) by performing a 2 byte transfer (a swap of 
data), via the MCU SPI port, with ttie SBIC; then the MCU 
pulls the SBIC^ CONTROL pin km to transn#ihe two new 
bytes. The CONtHOL pin wW rerhaih latchi91ow'(by the 
SBIC) until the two new bytes are transmitted. 

The user microcomputer should also monitor the IDLE signal 
in order to accurately know when the bus is Idle or when bus 
arbitration is occurring, when a received message has finished, 
and when the next bytes to be received are the beginning bytes 
of a new message. Preferably, the user microcomput er's e xter- 
nai Interrupt should be set up to edge detect tMig 'l0tE and 
rising CONTROL transittons. 

Wfien tfie CONTROL pin goes high, it signals that the buffer is 
full and th at the user mcrocomputer cuirently has access. Wfien 
the IDLE pin goes kwv, it is signaling that the current message 
has been completed, and an MCU may now arbitrate for the bus. 

Size of Messages that can be Transmitted or Received 

In the Buffered SPI mode, the user microcomputer can only 
send messages in 2 byte multiples. Transmitting messages 
with an odd number of bytes, to other microcomputers on the 
bus, is NOT supported the SBI chip in Buffered SPI mode. 
However, receptton of any number of bytes is supported. 

In the Buffered SPI mode, the user microcomputer can receive 
messages of any length. For odd length messages, the user 
microcomputer must know when the mess age is finished either 
from the message ID byte or via the IDLE signal. Since the SBI 
chip will give no indication as to whether the buffer contains one 
or 2 bytes of informatkxi from the bus, the message length 
shoukj be contained within the message data bytes. 
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When a single byte is received from the bus, followed by a 
bus idle condition, the SB! chip will, as it normally does when 
the buffer has received 2 bytes, set the CONTROL signal 
high. It will then relinquish control of the buffer for data trans- 
ferral via the user microcomputer, and restrict access to the 
buffer from incoming bus data until the 2 byte data transfer 
has been completed. 

If only 1 byte is received from the bus, the user microcom- 
puter will receive it first when performing the 2 b^e data 
transfer. The second byte received by the user microcom- 
puter, during this transfer, is undefined. A 2 byte transfer is 
still required in order to return control of the buffer back to 
the SBI chip, to gather further incoming data from the bus. 

Power On/Reset 

The SBI chip Is reset Internally, at pow er on. After reset, the 
CONTROL pin is set high and iSS is set low. The buffer 
access Is set as though 2 bytes have just been received from 
the bus. A 2 byte transfer must be performed, via the user 
microcomputer, In order to irviUilIze the SBI chip for general 
operation. 

Sending Messages to Other Microcomputers on the Bus 

In order to send a message to other microcomputers on the 
bus, while in the Buffered SPI mode, the user microcomputer 

should: 

1 . Monitor the SBIC CONTROL pin to know when it is ok to 
perform the 2 byte transfer between the user microcom- 
puter and the SBI chip. 

2. Perform the 2 byte transfer between the user microcom- 
puter and the SBI chip for the first 2 bytes of the message. 

3. Pull CONTROL low to tell the SB) chip to Start a 2 byte bus 
transmit cycle. 

4. Walt until CONTROL goes high again Indicating that the 2 
byte transmit cycle has completed. 

5. Perform another 2 byte transfer between the user micro- 
computer and the SBI chip, thus giving it the next 2 bytes 
to be transmitted and giving the user microcomputer the 

2 bytes just received. 

6. Compare the just received 2 bytes with the 2 bytes which 
were attempted to t>e transmitted. 

7. If the received and last transmitted bytes are equal and 
more bytes remain to be sent, then continue the cycle 
with step #3. 

8. If the received and last transmitted 2 bytes are unequal, 
then restart with step #2. 

Creating an EOM after a Message Transmission 

There must be at least a 10-bit interval of bus idle between 
the stop bit of the last byte of one message and the detection 
of the start bit of the first byte of the n^ message. This can 
be implemented by either: 

1. Including a 10-blt Interval time out, via using a timer or 
software loop. 

2. The u ser microprocessor can simply wait until it senses 
IDLE going low. 



Receiving Messages froMn Oifier Mteroeomputers on the 
Bus 

If the user microcomputer loses arbitration, or If It has no 
message to transmit and another microcomputer begins to 
send Its message onto the bus, the SBI chip will begin to 
receive a message from the bus. 

The SBIC CONTROL pin will go low at the beginning of the 
first data bit that is received from the bus. It will go high 
either whenever 2 bytes have been received, or when 1 byte 
has b een received'ftifDowed 'bl' the bi& going idle (i.e. when 
IDLE goes low). 

The transition of CONTROL from low to high indicates that 
the SBI chip has 2 bytes in its internal buffer for the user 
microcomputer to retrieve. Whether the SBI chip has 
received either 1 or 2 bytes, the user microcomputer must 
perform a 2 byte transfer in order to return control of the 
buffer back to the SBI chip. 

The user microcomputer must detect CONTROL going high 
and transfer the 16-bits from the SBI chip before the begin- 
ning of the first data bit of the next message or else the bus 
will be locked out of accessing the buffer until after both the 
next 16-blt transfer is complete and IDLE goes low. Thus, if 
there was further Incoming data and this did occur, some of 
the incoming data may be lost. 
Framing Errors 

While in the Buffered SPI mode, the SBI chip is capable of 
detecting Incoming framing errors, however it is unable to 
flag this to the user microcomputer. When the SBI chip 
detectsaframing error, anyfu rther loading of the SBI chip's 
internal buffer is tenninated. The SBI chip essentially quits 
receiving data and starts looking for an End Of Message. 
Resetting of the framing error will occur upon receiving an 
EOM. 

Even though the SBI chip can detect framing errors, it can 
not flag the user microcomputer that one has occurred. 
Since the previously received byte has already been loaded 
into the SBI chip's buffer, the user microcomputer must 
determine whether this data is valid. If a framing error occurs 
during the first byte of a 2 byte reception, access to the 
buffer will be restricted from the user microcomputer until 
and EOM occurs. If a framing error occurs during the second 
byte of a 2 byte reception, the user microcomputer will be 
given access to the buffer. However, even if the user micro- 
computer unloads the buffer, the SBI chip will not load any 
further data into the buffer until an EOM occurs. Basically, 
when a framing error occurs, no further data is read from the 
bus and buffer access is given to the user microcomputer 
either Immediately or upon an EOM. 

One way that the user microcomputer may detect that the 
received data is valid, is by using a check sum byte imbed- 
ded within each message. Another way would be to compare 
the number of bytes received for a particular ID to the num- 
ber expected for that ID. 

References 

Portions of the information contained in this document were 
taken and condensed from Chrysler Corporation's "CCD 
USER'S MANUAL" issued April 15,1987. 
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Features 

• SPI (Serial Peripheral 1nf0rfaee) 

• Full Clock Features 

Seconds, Minutes, Hours, (12/24, AM/FM), Day of Week, 
Date, Month, Year, (0-99), Automatic Leap Year 

• 32 Word X 8-Blt RAM 

• Seconds, Minutes, Hours Alarm 

• Automatic Power Loss Detection 

• Minimum Standby (Timekeeping) Voltages 2.2V 

• Selectable Crystal or 50/60Hz Line Input 

• Buffered Clock Output 

• Battery Input Pin That Powers Oscillator and Also Connects 
to the Vdd Pin When Main Power Falls 

• Three Independent Interrupt Modes 

► Alarm 

► Periodic 

► Power-Down Sense 
Description 

The CDP68HC68T1 real-time clock provides a time/calendar 
function, a 32 byte static RAM and a 3 wire serial 
peripiieral interface (SPI bus). The primary function of the clock is to 
divide down a frequency input that can be supplied by the on-board 
oscillator in conjunction with an external crystal or by an external 
clock source. The clock either operates with a +32kHz, +1 MHz, 
+2MHz or +4MHz crystal or it can be driven by an external clock 
source at the same frequencies. In addition, the frequency can be 
selected to allow operation from a 50Hz or 60Hz Input The time 
registers furnish seconds, minutes and hours >whOe the calendar 
registers offer day of week, date, month and year information. The 
data in the time/calendar registers is in BCD format. In addition, 1 2 or 
24 hour operation can be selected with an AM-FM indicator 
available in the 1 2 hour mode. The T1 has a separate clock output 
that supplies one of 7 selectable frequencies. 

Computer handshaking is established with a "wired or" 
interrupt output. The interrupt can be activated by any one of three 
separate internal sources. The first is an alarm circuit that consists of 
seconds, minutes and hours alarm latches that trigger the interrupt 
when they are in coincidence with the value in the seconds, minutes 
and hours time counters. The second interrupt source is one of 15 
periodic signals that range from subsecond to daily intervals. The 
final interrupt source is from the power-sense circuit that is used 
with the LINE Input pin to monitor power failures. Two other pins, the 
power supply enable (PSE) output and tfw Vgys input are used for 
external power controL The CPUR reset output pin Is available for 
power -down operaticm and Is activated yndw software control. 
CPUR Is also activated by a watchdog c1r6Ulf Wat If enabled requires 
the CPU to toggle the CE pin periodically without a serial data 
transfer. - 

The CDP68HC68T1 is available in a 16 lead he9imHtte.4»iil-in-l(ne 
ceramic package (D suffix), in a 16 lead dual-in-line plastic package 
(E suffix), and in a 20 lead small outline plastic package (M si.ff: ' 



Pinouts 



PACKAGE TYPES D AND<E 





TOP VIEW 




CLK OUT 


1 


16 


— VoD 


CPUR 


2 


15 


— XTAL OlIT 


TUT — 


3 


14 


XTAL IN 


SCK 


4 


IS 


— vbatt 


MOSI 


5 


12 


— VSYS 


MISO 


6 


II 


LINE 


CE 


7 


10 


POR 


Vss — 


8 


9 


PSE 






92CS 


-M0S3 



PACKAGE TYPE M 
TOP VIEW 



OJCOUT 




20 


— "do 


Sii« — 




IS 


«TAL OUT i; 


iiS — 




18 


— n»L IN 

— NC 


NC 




17 


SCK 




16 


. V 


yosi — 




15 


» SYS , 


MISO 




14 


NC 


CE 


8 


13 


NC ^ 


*ss 


9 


12 


UNE 


PSE • 


10 


II 


— pSi 



CAUTION: Ttiese devices are sensitive to elsctrotlatle dtetarge. Uaan •houM follow prapor I.C. HandUng PiocoAwe. 
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Maximum Ratings Absolute Maximum Values 



DC Supply Voltage Range, (Vqd) -aSVte+TV 

(Voltage Referenced to Vss Terminal) 

Input Voltage Range, -0.5VtoVDD-H}i§V ^ 

(All Inputs Except Line), VsYS i ^DD +1 

DC Input Current, Any One Inpyt ±10mA 

(Line Input, -1 0mA) 
Power Dissipation Per Pacl<age (Pq) 

= -400C to +60OC (Package Type E) 500mW 

Ta = +60°C to +8500 (Paci^age Type E) Derate Linearly at 

1 2mW/oc to 200mW 

Ta = -55OC to +1 OOOQ (Pacloge Type D) SOOmW 

TA = +1ClOOCto+1250C (Package TypeD) Derate Linearly at 

12mW/octo200mW 

Tyv = -40°$ to +7QPC (PaokaoeTyPO M)* 400mW 

TA = +70<>Cto+B50C(Packag«TypoM)* Derate Linearly at 

6.0mWA^to310mW 

^Printed circuit board mount: STmm x 57mm minimum area x 1.6mm tlMcitGIO ^oxy glass, or equivalmt 



Device Dissipation Per Output Transistor 40mW 

Ta = Full Package Temperature Range (All Package Types) 
^StMRting Tempsrature Range 0'>^ - ir . .; ,: 

Package Type D -55OC to +1 25OC 

PackageTypeE,M -40OCto+85OC 

Storage Temperature Range (Tstg) • • -65°C to +T500C 

Lead Temperature (During Soldering) +26500 

At Distance 1/16 ± 1/32 In. (1.59 ± 0j79mm) From Case for 
10s Max 
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Operating Conditions at Ta = -40OC To +850C 

For maximum reliability, operating conditions should be seleelad so that operation Is always within the following ranges: 



CHARACTERISTICS 


LIMITS 


UNITS 


MIN 


MAX 


DC Operating Voltage Range 




3 


6 


V 


DC Standby (Timekeeping) Voltage* 


VSTBY 


2.2 




V 


Input Voltage Range (High) 


V|H 


0.7 Vdd 


Vdd +0-3 


V 


Input Voltage Range (Low) (Except Line Input) 


V|L 


-0.3 


0.3 Vdd 




Serial Clock Frequency (Vqq = 4.5V) 


'SCK 




2.1 


MHz 



' Timekeeping function only, no READ/WRITE accesses 



, XTAL OUT 



OSCILLATOR. _» preSCALE 



AM-PM AND 

HOUR 
LOGIC 



POWER 
> SENSE 
CONTROL 



INT statu: 



CLOCK 
CONTROL 
REGISTER 



INTERRUPT 
CONHtOL 
REGISTER 



COMPARATOR 



(A DC 

8)»- 



NO 



92CL-37940 



Figure 1 - Raal-tima clock functional diagram 
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STATIC ELECTRICAL CHARACTERISTICS at Ta = -40 to *tS°C, Vdd = Vbatt = 5 V ± 5%, Except as Noted 



CHARACTERISTIC 


CONDinOII* 


LIMITS 


UNITS 


CDP68HC68T1 


MIN. 


TYP.» 


MAX. 


Quiescent Device Current Idd 


— 




1 


10 


UA 


Output Voltage High Level Voh 


loM = -1.6 mA, Vdo = 4.5V 


3,7 


— 


— 


V 


Output Voltage Low Level Vol 


lot = 1.6 mA, Vdd = 4.5 V 


— 


— 


0.4 


Output Voltage High Level Voh 


loH < 10 ijA. Vdd = 4.5 V 


4.4 


— 


— 


Output Voltage Low Level Vol 


loL< 10 M. Vdd = 4.5 V 


— 


— 


0.1 


input Leakage Current Im 


— 


— 


— 


±1 


fA 


3-State Output Leakage Current lour 


— 


— 


— 


±10 


Operating Current* 
(Id + lb) Vdd = Vb = 5 V 

Crystal Operation 


32 kHz 


— 


0.08 


0.1 


mA 


1 MHz 


— 


0.5 


0.6 


2 MHz 


— 


0.7 


0.84 


4 MHz 




1 


1.2 


Pin 14 

External Clock (Squarewave)'' 
(Id + WVoo = V,»5V 


32 kHz 





0.02 


0.024 


1 MHz 


— 


0.1 


0.12 


2 MHz 


— 


0.2 


0.24 


4 MHz 


— 


0.4 


0.5 


Standby Current* lb 

Vb = 3 V • - 

Crystal Operation 


32 kHz 




20 


25 




1 MHz 


— 


200 


250 


2 MHz 




300 


360 


4 MHz 


— 


500 


600 


Operating Current* 

Vdd = 5 V, Vb = 3 V 
Crystal Operation 


32 kHz 





Id 


Ib 


Id 


Ib 


25 


15 


30 


20 


1 MHz 




0.08 


0.15 


0.1 


0.18 


mA 


2 MHz 




0.15 


0.25 


0.18 


0.3 


4 MHz 




0.3 


0.4 


0.36 


0.5 


Standby Current* lb 
Vb = 2.2 V 
Crystal Operation 


32 kHz 




10 


12 


fiA 


Input Capacitance Cin 


V,n = 0,T» = 25°C 






2 


PF 


Maximum Rise and Fall Times t,,tf 
(Except XTAL Input and POR Pin 10) 








2 


IJS 


Input Voltage (Line Input Pin 
Only, Power-Sense Mode) 







10 


12 


V 


V8ys>VB V, 

(For Vb Not Internally 
Connected to Vdd) 






0.7 




Power-On Reset (POR) Pulse Width 




100 


75 




ns 



* Typical values are for Ta = 25* and nominal Voo- 

* Clock Out (nn 1 ) disabled, outptits open-circuited. No serial access cycles. 



&-S0 



31 



50 



51 



32 RAM LOCATIONS 



CLACiK/CAUIMOAR 



TEST MODE 




M : . 

SECONDS 




r, w 


$20 


MINUTES 




r, w 


$21 


HOURS 





r, w 


$22 


DAY OF WEEK 




r, w 


$23 


DATE 




r, w 


$24 


MONTH 




r, w 


$25 


YEARS 




r, w 


$26 


NOT USED 


$27 


SEC ALARM - - - 




w 


$28 


MIN ALARM 




w 


$29 


MRS ALARM 




w 


$2A 


NOT USED 


$2B 


NOT USED 


$2C 


NOT USED 


$2D 


NOT USED 


$2E 


NOT USED 


$7F 


STATUS REGISTER 




r 


$30 


CONTROL REBIS-Jlt , 




r, w 


$31 


INTERRUPT CONTROL REGISTER 


r, w 


$32 



r = readable 



w = writable 



Fig. 2 - Address map. 



TABLE I - Clock/Calendar and Alarm Data Modes 



ADDRESS 
LOCATIDNCH} 


' P^NiBTION 


DECIMAL 
RANGE 


BCD DATA 
RANGE 


BCD DATE • 
EXAMPLE 


20 


Seconds 


0-59 


00-59 


18 


21 


Minutes 


0-59 


00-59 


49 


22 


* Hours 
12 Hour Mode 


1-12 


81-92 (AM) 
A1-B2 (PM) 


A3 




Hours 
24 Hour Mode 


0-23 


00-23 


15 


23 


Day of the Week 
(Sunday = 1) 


1-7 


01-07 ■ 


03 




Day of the Month 
(Date) 


1-31 


01-31 


29 


25 


Month 
Jan = 1, Dec = 12 


1-12 


01-12 


10 


26 


Years 


0-99 


00-99 


85 


28 


Alarm Seconds 


0-59 


00-59 


18 


29 


Alarm Minutes . 


0-59 


00^9 


49 


2A 


** Alarm Hours 
12 Hour Mode 


1-12 


01-12 (AM) 
21-32 (PM) 


23 




Alarm Hours 
24 Hour Mode 


1 0^23 

-r- anh 


00-23 


15 



< UJ 
HI *^ 

a- 



• Exampie: 3:49:18, Tuesday, Oct. 29, 1985. 

' Most significant Bit, 07, Is "0" for 24 hours, and "1" for 12 hour mode. 
Data Bit D5 is "1" for P.M. and "0" for A.M. in 12 hour mode. 



' Alarm hours, Data Bit D5 is "1" tor P.M. and 
"O" for A,M. in 12 hour mode. 
Data Bits D7 and D6 are DONT CARE. 
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PROGRAMMERS MODEt - CLOCK REGISTERS 



HEX ADDRESS 



20 



21 



22 



23 



24 



31 



WRITE/READ REGISTERS 



DB7 DBO 


1 I ■ 

TENS 0-5 

— I-H — \- 


1 1 1 

UNITS 0-9 

1 1 1— 


TENS 0-5 
1 1 1 


UNITS 0-9 
1 1 1— 


■jQ »• PM/AM 
24 TENS 0-2 


UNITS 0-Q 
1 1 1 


1 1 i 

V V V V 
A A A A 


X UNITS 1-7 
1 1 1 


h— 1 1— 

TENS 0-3 

-H— 1 1— 


UNITS 0-9 


TENS 0-1 
1 1 1 


1 1 1 
UNITS 0-9 

1 1 1 


— 1— 1 — 1— 


\ 1 \ 


7 6 5 4 


3 2 10 
1 \ 1— 


1 1 h- 

7 6 5 4 
1 1 1 


3 2 10 
1 I I 



NAME 



28 


WRITE ONLY REGISTERS 
III III 


TENS 0-5 

— H-l h- 


UNITS 0-9 


29 


TENS 0-5 


1 1 \— 

UNITS 0-9 


2A 


X 


X 


1 

PM/AM 
TENS 0-2 


1 1 1— 

UNITS 0-9 
1 1 1 


30 


READ ONLY REGISTER 


7I6I5I4I3I2I1I0 
1 1 1 1 1 II 



-SECONDS (00-99)- 
- MINUTES (00-59)- 



DB7, 1 = 12 HR, = 24 HR 

.DBS = 1 PM,0 = AM 

HOURS (01-12 OR 00-23) 

SUNDAY = 1 
— DAY OF WK (01-07) 



.01-28 V 

-^irtfli^iSirTHf 30 j - 



-MONTH (01-12) 



JAN = 1 
"dec =12" 



-YEARS (00-C9) - 



-CONTROL- 



IRUPt- 



- ALARM SECONDS (00-59) — 
-ALARM MINUTES (00-59) 

ALARM HOURS (01-12 or 00-23) 
'PLUS AM/PM IN 12 Ha MODE 
PM = 1, AM = 



STATUS 



NOTE: X = DONT CARE WRITES 
X = WHEN READ 



RAM DATA BYTE 



7 


6 


5 


3 


2 


1 





D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 



HEX ADDRESS OO-IF 
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FUNCTIONAL DESCRIPTION 



The SPI real-time clock consists of a clock/calendar and a 
32 X 8 RAM. Communications is established via the SPI 
(Serial Peripheral Interface) bus. Inaddltlon to the clock/ca- 
lendar data from seconds to years, and system flexibility 
provided by the 32-byte RAM, the clocic features computer 
handshalcing with an interrupt output and a separate 
squarewave clock output that can be one of 7 different 
frequencies. An alarm circuit is available that compares the 
alarm latches with the seconds, minutes and hours time 
counters and activates the interrupt output when they are 
equal. The clock is specifically designed to aid in power- 
down/up applications and offers several pins to aid the 
designer of battery back-up systems. 

Mode Select 

The voltage level that Is present at the Vers Input pin at the 
end of power-on-reset selects the device tbM1tfi tH«sffl<|l« 
supply or battery back-up mode. 

Single-Supply Mode— if Vsys is a logic high when. power- 
on-reset Is completed, CLK OUT, PSE and CPUR will be 
enable d and the device will be completely operational. 
CPUR will be placed low if the logic level at the Vs ys pin g oes 
low. If the output signals CLK OUT, PSE and CPUR are 
disabled due to a power-down instruction, Vsvs brought to a 
logic iow and then to a logic high will re-enabie these 
outputs. An example of the single-supply mode is where 
only one supply is available and Vdd, Vbatt and Vsvs are tied 
together to the supply. 

Battery Back-up Mode — If VsyS is a logic low at the end of 
power-on-reset, CLK OUT, PSE a nd CP UR will be 
disabled (CLK OUT, PSE and CPUR low). This 
condition will be held until Vsys rises to a threshold (about 
0.7 volt) above Vbatt. The outputs CLK OUT, PSE and CPUR 
will then be enabled and the device will be operational. If 
Vsys fails below a thres hold above Vbatt, the outputs CLK 
OUT, PSE and CPUR will be disabled. An example of 
battery back-up operation occurs if Vsys is tied to Vdd and 
Vdd Is not connected to a suppiy'rwtmi « J»stt«ry Is 
connected to the Vbatt pin. (See Pin Functions Vbatt for 
Battery Back-up Operation) 

CLOCK/CALENDAR (See Figs. 1 and 2.) 

The clock/calendar portion of this device consists of a long 
string of counters that is toggled by a 1-Hz input. The 1-Hz 
input is generated by a prescaler driven by an on-board 
oscillator that utilizes one of four possible external crystals 
or that can be driven by an external clock source. The 1-Hz 
trigger to the counters can also be supplied by a 50 or60-Hz 
input source that Is connected to the LINE Input pin. 

The time counters offer seconds, minutes and hours data in 
1 2 or 24-hour format. An AM/PM indicator is available that 
once set, toggles every 12 hours. The calendar counters 

consist of day (day of week), date (day of month), month 
and years Information. Data In the counters Is In BCD 
format. The hours counter utilizes BCD for hour data plus 
bits for 12/24 hour and AM/PM. The 7 time counters are 
accessed serially at addresses 20H through 26H. (See Table 
I). 

RAM 

The real-time clock also has a static 32 x 8 RAM that Is 
located at addresses 00-1 FH. Transmitting the address/con- 
trol word with bit Slow selects RAM access. Bits0through4 
select the RAM location. 

ALARM 

The alarm is set by accessing the three alarrn latches and 
loading the required data. The alarm latches consist of 



seconds, minutes and hours registers. When their outputs 
equal the values In the seconds, minutes and hours time 
counters, an Interrupt Is generated. The interrupt output 
will go iow If the alarm bit in the Interrupt Control register is 
set high. The alarm interrupt bit in the Status register is set 
when the interrupt occurs.* To preclude a false interrupt 
when loading the time counters, the alarm Interrupt bit 
should be set low In the Interrupt Control register. This 
procedure is not required when the alarm time Is set. 

WATCHDOQ FUNCTION (8m Fig. 6.) 

When bit 7 in the Interrupt Control register is set high, the 
Clock's CE (chip enable) pin must be toggled at a regular 
interval without a serial data transfer. If the CE is not 
toggled, the clock will supply a CPU reset pulse and bit 6 in 
the Status Register will be set. Typical service and reset 
timeiS are listed below. 





SO Hz 


60 Hz 


XTAL 


MIn. 


Max. 


MIn. 


Max. 


MIn. 


Max. 


Service Time 




10ms 




8.3ms 




7.8ms 


Reset Time 


20 


40ms 


16.7 


33.3ms 


15.6 


31 .3ma 



CLOCK OUT 

The value in the 3 least significant bits of the Clock Control 
register selects one of seven possible output frequencies. 
(See Clock Control Register). This squarewave signal Is 
available at the CLK OUT pin. When Power-Down operation 
is initiated, the output is set low. 

CONTROL REGISTERS AND STATUS REGISTERS 

The operation of the Real-Time Clock is_controlied by the 
Clock Control and Interrupt Control registers. Both registers 
are read-write registers. Another register, the Status register, 
is available to indicate the operating conditions. The Status 
register Is a read-only register. 

POWER CONTROL 

Power control is composed of two operations. Power Sense 
and Power Down/Up. Two pins ar e In volved in power 
sensing, the LINE input pin and the INT output pin. Two 
additional pins are utilized during power-down/up opera- 
tion. They are the PSE (Power Supply Enable) output pin 
and Vsys input pin. 

POWER SENSING (See Fig. 3.) 

When Power Sensing Is enabled (Bit 5 = 1 In Interrupt 

Control Register), AC transitions are sensed at the LINE 
input pin. Threshold detectors determine when transitions 
cease. After a delay of 2.68 to 4.64 ms plus the external input 
circuit RC time constant, an interrupt Is generated and a bit 
is set In the status register. This bit can then be sampled to 
see If system power has turned back on. See PIN 
FUNCTIONS, LINE PIN. The power-sense circuitry operates 
by sensing the level of the voltage presented at the line input 
pin. This voltage is centered around Vdd and as long as it is 
either plus or minus a threshold (about 1 volt) from Vdd a 
power-sense failure will not be Indicated. With an ac signal 
present, remaining in this Vdd window longer than a 
minimum of 2.68 ms will activate the power-sense circuit. 
The larger the amplitude of the ac signal, the less time it 



= !3 
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•See PIN FUNCTIONS, INT PIN. 



CDP68HC68T1 




XTAL IN 


INT 


XTAL OUT 




LINE 




REAL-TIME CLOCK 
CDP€8HC6eTI 




1 1 1 1 1 III M 


STATUS IffiCISTER 




92CS-3794tm 



Ffgt a - Powat'tanalng tuHBtlorml dlagfam. 



spends in the Voo window and the less likely a powerfallure 
will be detected. A 60-Hz, 10 Vp-p sinewave voltage is an 
applicable signal to present at the LINE Input pin to set up 
tlie power-sense function. 

POWEfl DOWN (See Fig. 4.) 

Power down is a processor-directed operation. A bit is set in 
the Interrupt Control Register to initiate operation. 3 pins 
are affected. The PSE {Power Supply Enable) output, 
nor mally h igh, is placed low. The CLK OUT is placed iow. 
The CPUR output, connected to the processors reset input 
Is also placed low. In addition, the Serial Interface Is 
disabled. 



FROM SYSTEM 
POWER 



TO SYSTEM 
POWER CONTROL 



u 



I I'l I I I I I I 



INTERRUPT 

CONTROL 

REGISTER 



CLK 
OUT 



SERIAL 
INTERFACE 



REAL-TIME CLOCK 
CDP68HC68TI 



1_ 



CPU 
CDP680S02 



HCS^ 3TMX 

Fig. 4 - Power-down functional dlagmm. 
POWER UP (See Figs. 5 and 6.) 

Two conditions will terminate the Power-Down mode. The 
first condition (See Fig. 5) requires an interrupt. The 
interrupt can be generated by the alarm circuit, the 
programmable periodic Interrupt signal, or the power- 
sense circuit. 

The second condition that releases Power Down occurs 
when the level on the Vgys Pi" "ses about 0.7 volt above the 
level at the Vqatt input, after previously falling to the level of 
Vqatt (See Fig.6) in the Battery Bacl(-up Mode or Vqys falls 
to logic low and returns high in the Single Supply Mode. 



UP 



POWER 
SENSE 

OR 
ALARM 

CIRCUIT 



PERIODIC 
INTERRUPT 
SIGNAL 



C LK 
OUT 



SERIAL 
INTERFACE 



REAL-TIME CLOCK 
CDP6BHC68TI 



-TLT 
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Fig. B - Powar-uptunctlonaldlagram (Initiated ty Interrupt Signal). 



VSYS 



CLK 
OUT 



SERIAL 
INTERFACE 



REAL-TIME CLOCK 
CDP68HC68TI 




-TLr 



KCS-3TS44RI 



Fig. t- ^oMNtpAwi^tomif tfteffNtm (IMtlMed by a riaa In mtttt0 
on the "^it" pin). 
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PIN FUNCTIONS 



CLK OUT— Clock output pin. One of 7 frequencies can be 
selected (or this output can be set low) by the levels of the 
three LSB's In the clock-control register. If a frequency is 
selected, it will toggle with a 50% duty cycle except 2 Hz In 
the 50-Hztinnebase mode. (Ex. If 1 Hz Is selected, the output 
will be high for 500 ms and low for the same period.) During 
power-down operation {bit 6 in Interrupt Control Register 
set to "1"), the clock-output pin will be set low. 

CPUR— CPU reset output pin. This pin function's as an 
N-channei only, open-dAlriisutpuf Htiti r«quffesan external 

pull-up resistor. 

INT— Interrupt output pin. This output is driven from a 
single NFET pull-down transistor and must be tied to an 
external pull-up resistor. The output Is activated to a low 
level when: 

1. Power-sense operation is selected (BS = 1 In Interrupt 
Control Register) and a power failure occurs. 

2. A previously set alarm time occurs. The alarm bit in the 
status register and interrupt-out signal are delayed 30.5 
Ais when 32-kHz operation is selected and 15.3 iis for 
2-MHzand 7.6 /iS for 4-MHz. (Seelmportantappllcation 
note.) 

3. A previously selected periodic Interrupt signal activates. 

The status register must be read to set the Interrupt output 
high after the selected periodic Interval occurs. This is also 
true when conditions 1 and 2 activate the interrupt. If power 
down had been previously selected, the interrupt will also 
reset the power-down functions. 

SCK, MOSI, MISO— See Serial Peripheral Interfaoe (SPI) 

section In this data sheet. 

CE— A positive chip-enable input. A low level at this input 
holds the serial interface logic in a reset state. This pin is 
also used for the watchdog function. 

Vss— The negative power-supply pin that is connected to 
ground. 

PSE— Power-supply enable output pin. This pin is used to 
control power to the system. The pin is set high when: 

1. Vsvs rises above the Vbatt voltage after Vsvs was placed 
low by a system failure. 

2. An interrupt occurs. 

3. A power-on reset (If Vsvs Is a logic high). 

The PSE pin is set low by writing a high Into bit 6 (power- 
down bit) In the Interrupt Control Register. 

POR— Power-on reset. A Schmitt-trigger Input that gener- 
ates a power-on internal reset signal using an external R-C 
network. Both control registers and frequency dividers for 
the oscillator and line input are reset. The status register is 
reset except for the first time up bit (B4), which Is set. Single 
supp ly or battery back-up operation Is selected at the end of 

UNE - This input is used for two functions. When not used it 
shouki be connected to Vqq via a lOkQ resistor. The first 
functkm utiiizes the input signal as the frequency source for 
the timekeeping counters. This functk>n is selectad by 



setting bit 6 In the Clock Control Register. The second 
function enables the line Input to sense a power failure. 
Threshold detectors operating above and below Vdd sense 
an ac voltage loss. Bit S must be set to "1" In the Interrupt 
Control Register and crystal or external clock source 
operation Is required. Bit 6 In the Clock Control Register 
must be low to select XTAL operation. 



OSCILLATOR CIRCUIT— The CDP68HC68T1 has an on- 
board 150K resistor that Is switched In series with Its 

internal inverter when 32-kHz is selected via the clock- 
control register. Note: When first powered up the series 
resistor is not part of the oscillator circuit. (The 
iCGMSIi^aSf'l sets up for a 4-MHz oscillator.) 




10-40pF 



AU. FREQUeNCrS 

RECOMMENDED OSCILLATOD aRCUIT: 
01. 02 VALUES CRYSTAL DEPENDENT 

*R USED FOR 32 KHz OPERATION ONLY. 
100 K - 300 K RANGE AS SPECIFIED 
BY CRYSTAL MANUFACTURER. 

92CS-42272 

Fig. 7 - Oscillator circuit. 



Vsvs— This input is connected to the system voltage. After 
the CPU initiates power down by setting bit 6 In the 
Interrupt Control Register to "1", the level on this pin will 
terminate power down If it rises about 0.7 volt above the 
level at the Vbatt Input pin after previously falling below 
Vbatt + 0.7 volt. When power down is terminated, the PSE 
pin will ret urn high and the Clock Output will be enabled. 
The CPUR output pin will also return high. The logic level 
present at this pin at the end of P0lt determfnes the 
CDP68HC68T1's operating mode. 

Vbatt — The Oscillator power source. The positive terminal of 
the battery should be connected to this pin. When the level 
on the VsYs pin falls below Vbatt +0.7 volt, the Vbatt pin will 
be internally connected to the Vdd pin. When the voltage on 
VsYs rises a threshold above (~ 0.7 V) the voltage on Vbatt. 
the connection from Vbatt to the Voo pin is opened. When 
the "LI NE" Input is used as the frequency source, Vbatt may 
be tied to Vdd or Vss. The "XTAL IN" pin must be at Vss if 
Vbatt Is at Vsa. If Vbatt Is connected to Vdd, the "XTAL IN" pin 
can be fled to Vss or Vdo. 

XTAL IN, XTAL OUT— These pins are connected to a 
32,768-Hz, 1.048S76-MHZ, 2.097152-MHz or 4.194304-MHz 
crystal. If an external eloek Is u«ad, K shouM be connected 
to "XTAL IN" with "XTAL OUT" left open. 

Vdd— The positive power-supply pin. 
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REGISTERS 



CLOCK CONTROL REGISTER (Wrlto/Raad) - AddraM 31 H 



D7 


D6 


DS 


D4 


03 


02 


D1 


DO 


START 


LINE 


XTAL 


XTAL 


SO Hz 


CLK OUT 


CLK OUT 


CLK OUT 






SEL 


SEL 


ioTiz 








STOP 


XTAL 


1 





2 


1 






CLOCK CONtROi NEOISTeR 

START-STOP— A high written into this bit will enable the 
counter stages of the ctocl( circuitry. A low will hold all bits 
reset In the divider chain from 32 Hz to 1 Hz^' A etock out 
selected by bits 0, 1 and 2 will not be affecfM^tlf Btt ttdp 
function except the 1 and 2-l-lz outputs. 

LINE-XTAL— When this bit isset high, clock operation will 
use the SO or 60-cycle input present at the LINE Input pin. 
When the bit is low, the drystal input will generate the 1-Hz 
time update. 

XTAL SELECT— One of 4 possible crystals Is selected by 
value in these two bits. 

= 4.194304 MHz 2 = 1.048S76 MHz 

1 = 2.0971S2 MHz 3 ° 1^.766 Hz 

SO-60 Hz — 50 Hz is selected as the line input frequency 
when this bit Is set high. A low will select 60 Hz. The power- 
sense bit in the interrupt Control Register must be set low 
for line frequency operation. 

CLOCK OUT— The three bits specify one of the 7 fre- 
quencies to be used as the squarewave clock output. 

= XTAL 4 = Disable (low output) 

1 = XTAL/2 5 = 1 Hz 

2 = XTAL/4 6 = 2 Hz 

3 = XtAL/8 7 = 50 or 60 Hz 

XTAL Operation = 64 Hz 

All bltsamr^se^by a power-on reset. Therefore, the XTAL Is 
Mlected ■« ttw fitock output at this time. 



mTEMMJFT emmmwmm 

WATCHDOG— When this bit Is set high, the watchdog 
operatlonwill be enabled. Thistunction requires the CPU to 
toggle the CE pin periodically without a serial-transfer 
requirement. In the event this does not occur, a CPU reset 
will be issued. Status register must be read before re- 
enabling watchdog. 

POWER DOWN— A high in this location will Initiate a power 
down. A CPU reset wili occur, the CLK OUTand PSE output 
pins will be set low and the serial interface will be disabled. 

POWER SENSE— This bit is used to enable the line Input 
pin to sense a power failure. It is set high for this function. 
When power sense is selected, the input to the 50/60-Hz 
prescaler Is disconnected. Therefore, crystal operation Is 
required when power sense is enabled. An Interrupt is 
generated when a power failure is sensed and the power 
seiiae and Interrupt True bit in the Status Register are set. 
When power sense is activated, a "0" must be written to this 
location followed by a "1" to re-enable power sense. 

ALARM— The output of the alarm comparator Is enabled 
when this bit is set high. When a comparison occurs 
between the seconds, minutes and hours time and alarm 
counters, the interrupt output is activated. When loading 
the time counters, this bit should be set low to avoid a false 
interrupt. This is not required when loading the alarm 
counters. See PIN FUNCTIONS, InT for explanation of 
alarm delay. 

PERIODIC SELECT— The value in these 4 bits will select 
the frequency of the periodic output. (See Table I). 



INTERRUPT CONTROL REGISTER (Wftte/Raad) ■ 



32H 



iirfl ' 



D7 


D6 


D5 


D4 


03 


02 01 


DO 


WATCHDOG 


POWER 
DOWN 


POWER 
SENK 


ALARM 


1 1 1 
, fgpQPICSEUCT 

1 ' 1 1 



Ml bits are ceaMt^ f«iumion ccw^ 



Table I - Perlodle Interrupt Output 



D0-D3 
VALUE 


PERIODIC-INTERRUPT 
OUTPUT FREQUENCY 


FREQUENCY TIMEBASE 


XTAL 


LINE 





Disable 






1 


2048 Hz 


X 




2 


1024 Hz 


X 




3 


512 Hz 


X 




4 


256 Hz 


X 




5 


128 Hz 


X 




6 


64 Hz 


X 




50 or 60 Hz 




X 


7 


. . r 32 Hz J. I 


X 




8 


16 Hz 


X 




9 


8 Hz 


X 




10 


4 Hz 


X 




11 


2 Hz 


X 


X 


12 


1 Hz 


X 


X 


13 


Minute 


X 


X 


14 


Hour 


X 


X 


15 


Day 


X 


X 


STATUS REGISTER (Read Only) - Addrera 30H 

07 06 OS 04 03 02 01 DO 
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WATCHDOG 



TEST 
MODE 



FIRST 
TIME 
UP 



INTERRUPT 
TMIi 



POWER 
SENSE 
INTERRUPT 



ALARM 
INTERRUPT 



CLOCK 
INTERRUPT 



WATCHDOG - If this bit is set high, the watchdc^ elmuit 
has detected a CPU failure. 

TEST MODE - When this bit is set high, the device is In the 
TEST MODE. 

FIRST-TIME UP - Power-on reset sets this bit high. This 
signifies that data in the RAM end Clock is not valid and 

should be Initialized. 

INTERRUPT TRUE - A high In this bit signifies that One of 
the three interrupts (Power Sense, Alarm, and Clock) is 
valid. • ■ • 1-^ ^ 



POWER-SENSE INTERRUPT - This bit set high signifies 
that the power-sense circuit has generated an Interrupt. 

ALARM INTERRUPT - When the seconds, minutes and 
hours time and alarm counter are equal, this bit wlil be set 
high. Status Register must be read before Loading Interrupt 
Control Register for valid alarm indication after alarm 
activates. 

CLOCK INTERRUPT - A periodic Interrupt will set this bit 
high. 

Ali bits are reset by a power-on reset except the "FiRST- 
TIME UP" which is set. Ali bits except the power-sense bit 
are reset after a read of this register. 
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SERIAL PERIPHERAL INTERFACE (SPI) 



PIN SIGNAL DESCRIPTION 

SCK (Serial Clock Input)* - This input causes serial data to 
be latched from the MOSI Input and shifted out on the MISO 
output 

MOSI (Master Out/Slave In)* - Data bytes are shifted In at 
this pin, most significant bit (MSB) first. 

MISO (Master In/Slave Out) - Data bytes are shifted out at 
this pin, most signficant bit (MSB) first. 



CE (Chip Enable)** - A positive chip-enable input. A low 
level at this input holds the serial interface logic in a reset 
state, and disables the output driver at the MISO pin. 



* These Inputs will retain their previous state if the line driving tliern 
goes Into a HIgh-Z sfite. ' 

** The CE Input has as internal pull-down device— If the Input Is In a 
low state before going to a IHIgh Z, the Input can be left In a (High Z. 



TRUTH TABIX 



MODE 




SIGNAL 


1 11.. 




CE 


SCK* 


MOSI 


MISO 


DISABLED 
RfSiT 


L 


INPUT 
DISABLED 


INPUT 
DISABLED 


HIGHZ 


WRITE 


H 


CPOL = 1 _/~ 
CPOL = ~\ — 


DATA BIT 
LATCH 


fmnz 


READ 


H 


CPOL = 1 

cpoL=o __y 


X 


NEXT DATA 
BIT SHIFTED 
OUT A 



A MISO remains at a (High Z until 8 bits of data are ready to be shifted out during a READ. It remains at a High Z during 
the entire WRITE cycle. 



FUNCTIONAL DESCRIPTION 

The Serial Peripheral Interface (SPI) utilized by the 
CDP68HC68T1 is a serial synch ronous bus for address and 
data transfers. The c\ock, which is generated by the 
microcomputer, is active only during address and data 
transfers. In systems using the GDP68HC05C4 or 
CDP68HC05D2, the inactive clock polarity is determined by 
the CPOL bit in the microcomputer's control register. A 
unique feature of the CDP68HC68T1 is that It automatically 
determines the level of the inactive clocl< by sampling SCK 
when CE becomes active (see Fig. 8). Input data (MOSI) is 
latched internally on the Internal Strobe edge and output 
data (MJSO) is shifted out on the Shift edge, as defined by 
Fig. 8. There is one clock for each data bit transferred 
(address as well as data bits are transferred in groups of 8). 



f. 



" ' pINTERNAU, 
I I STROBE I 

L_ru 



rINTERNALn 




STROBE 











MSB ^ MSB-I 



"CPOL" IS A BIT THAT IS SET IN THE 
MICROCOMPUTER'S COHTROL RECISTER 

92CS-37945 



Fig. 8 - Serial RAM clock (SCK) as a function of UCU clock 
polvUy {CPOL). 
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ADDRESS AND DATA FORMAT 

There are three types of serial transfer. 

1. Address Control - Fig. 9 

2. READ or WRITE Data- Fig. 10 

3. Watchdog Reset (actually a non-transfer) - Fig. 11 

The Address/Control and Data bytes are shifted MSB first, 
into the serial data Input (MOSI) and out of the serial data 
output (MISO). 

Any transfer of data requires an Address/Control byte to 
specify a Write or Read operation and to select a Clock or 
RAM location, followed by one or more bytes of data. 

Data Is transferred out of MISO fora Read and Into MOSI for 
a Write operation. 

ADDRESS/CONTROL BYTE - Pig. 9 ~ 

It Is always the first byte received after CE goes true. To 
transmit a new address, CE must first go false and then true 
again. Bit S Is used to select between Clock and RAM 
locations. 



BIT- 



w/W 





CLK 


A4 


A3 


A2 


A1 


AO 






RAM 













0-4 
5 



A0-A4 Selects 5-Bit HEX Address of 

RAM or specifies Clock Register. 

CLOCK/RAM Most Significant Address Bit. 
, If equal to "1", AO through A4 

selects a Clock Register. 
If equal to "0", AO through A4 
selects one of 32 RAM locations. 
Must be set to "0" when not In 

Test Mode 

W/R W/R = "1" Initiates one or more 

WRITE cycles. 

W/R = "0", initiates one or more 
READ ^lae. 



J 



rLnrLTLrwirL 



ma 







CLOCK 
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Fig. 9 - Address/Control byte-tranatar wavetormt. 



READ/WRITE DATA - (See Fig. 10) 

Read/Write data follows the Address/Control byte. 



BIT 7 


6 


5 


4 


3 


2 


1 







D7 


D6 


05 


D4 


D3 


D2 


D1 


DO 



< UJ 
UJ CL 

CO E 



-osx^ 


- 


DS 


09 


04 


C3 


D2 


Dl 


DO 






MISO // 

/// 


D7 


D6 


05 


D4 


D3 


DZ 


01 


DO 





' SCK CAN as E,ITHER POLAhlTY 
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Fig. 10- Read/ Write data-trantiar wavatorma. 
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WATCHDOQ RESET - (8m Fig. 11) 

When watchdog operation is selected, CE must be toggled 
periodically or a CPU reset will be outputted. 



eras 



n 



SERVICE_ 
TIME 



SERVICE 
TIME""" 



J 
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Fig. 11 - Watchdog operation wamlorma. 



ADDR^ AND DATA 

Data transfers can occur one byte at a time (Fig. 12) or in a 
muitibyte burst mode (Fig. 13). After the Real-Time Clock is 
enabled, an Address/Control word is sent to select the 
CLOCK or RAM and select the type of operation (i.e., Read 
or Write). For a single-byte Read or Write, one byte is 
transferred to or from the clock register or RAM location 
specified in the Address/Control byte and the Real-Time 
Clock is then disabled. Write cycle causes the latched clock 
register or RAM address to automatically increment. 
Jneramentlng continues after each transfer until the device 
to disabled. After Incrementing to IFIH the address will 
"wrap" to OOH and continue. Therefore, whyn tiw RAM is 
selected the address will "wrap" to OOH anctiKlMilVtheclqpk 
is selected the address will "wrap" 201-1. 



WRfTE— I MOSX 



ADDRESS BYTE 



WRITE DATA 



READ DATA 



Fig. 12 - Single-byle transfer waveforms. 
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Cl = 200 pF, tea Figs. 14 glt«| 15 









LIMITS (ALL TYPES) 




■DENT. NO. 


CHP|IiACtERI8TIC 




Vdd = 


3.3 V 


VoD 


= 5V 


UNITS 








MIn. 


Max. 


MIn. 


Max. 




















Chip Enable Set-Up Time 


tevcv 


200 




100 








onip cnaDie Auer oiocK noiQ I imo 


tevn 


250 




125 








olocK wiQin nign 


t«m 


400 




200 






ci; 


ClOCK WKItn Low 


',**"- 


400 




200 






\3J 


uftui in to mocK ooi-up i ifno 


tovcv 


200 




100 






\D 


Clock to Oftta Propagation Dolay 


tevov 




200 




100 


ns 




onip uisbdio to uuipui nign x ^ 


tixoz 




200 




100 




Output RIsa Tim© 


tr 




200 




100 






output rail Time 


ti 




200 




100 






Data in Aner Clock nolo Time 


tevDx 


200 




100 






® 


Clock to Data Out Active 


tcvox 




200 




100 




© 


Clock Recovery Time 


tREC 


200 




200 







^53 

< UJ 

^ ? 

lU UL 

(0 OC 




© — 
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Fig. 14 - WRITE-cycIt liming wmforma. 
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Fig. 18 - RBkD-cj>e>B timing wwotonm. 
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Example of a system in which power Is always on. Clock 
r;rcuit driven by line input frequency. 



Fig. 16 - Power-on always system diagram. 



CD 

1^ 




Example of a system in which the power is controlled by an 
external source. The LINE input pin can sense when the 
switch opens by use of the POWER-SENSE INTERRUPT. 
The CDP68HC68T1 crystal drives the clock input to the 
CPU using the CLK OUT pin. On power down when Vsys < 
Vbatt + 0.7 V. Vbatt will power the CDP68HC68T1. A 
threstwici detect activates a p-channel switch, connecting 
Vbatt to Vdo. Vbatt always supplies power to the oscillator, 
keeping voltage frequency variation to a minimum. 



Fig, f7 - MxtitriMy^mtrollad power sy^m etlvgrtiii' 



6 




A Procedure for Power-Down Operation might consist of 
the following: 

1. Set power-sense operation by writing bit 5 high in the 
Interrupt Control Register. 

2. When an interrupt occurs, the CPU reads the status 
register to determine the interrupt source. 

3. Sensing a power failure, the CPU does the necessary 
housekeeping to prepare for shutdown. 



4. The CPU reads the status register again after several ^ OC 
milliseconds to determine validity of power failure. ^ ^ 

5. The CPU sets power-down bit 6 and disables all uj ^ 
interrupts in the Interrupt Control Register when power J2 ffi 
down is verified. This causes the CPU reset and clock K oj 
out to beheld low and disconnects the serial interface. ^ 

6. When power returns and Vsys rises above Vbatt, power ' 
down is terminated. The CPU reset Is released and 
serlat communication Is established. 
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Example of an automotive system. The Vsys and LINE 
inputs can be used to sense the ignition turning on and off. 
An external switch is included to activate the system 
without turning on the ignition. Also, the CMOS CPU is not 
powered down with the system Vdd, but is held In a low 
power reset mode during power down. When restoring 
power the CDP6 8HG68 T1 will enable the CLK OUT f^dmH 
set the PSE and CPUR high. 

Fig. 19- Automotive sysfm diagram. 

IMPORTANT APPLICATION NOTE: 

Those units with a code of 6PG have delayed alarm interrupts 
of 8.^ms regardless of CDP68HC68T1's operating frequency. 
(Seef IN FUNCTIONS, INT.) In addition, reading the status reg- 
ister before delayed alarm activates will disable alarm signal 
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HARRIS COP68HC68IV1 



January 1991 



CMOS Serial Digital Pulse Width Modulator 



Features 

• Programmable Frequency and Duty Cycle Output 

> Serial Bus Input; CompaUble With Ntetorola/Harrls SPI Bus, Simple Shift- 
Register Type Interface 

• 8 Lead Mini DIP Paclcage 

• Schmitt Trigger Ciocl< input 

• 4V to 6V Operation, -40OC to +85OC Temperature Range 

• 8MHz Clock Input FreqiiiBney ° 

Description 

The CDP68HC68W1 modulates a clock input to supply a variable frequency and 
duty-cycle output signal. Three 8-bit registers (pulse width, frequency and control) 
are accessed serially after power is applied to initialize device operation. The value 
in the pulse width register selects the high duration of the output period. The 
frequency register byte divides the clock input frequency and determines the overall 
output clock period. The input clock can be further divided by two or a 
low power mode may be selected by the lower two bits in the control register. A 
comparator circuit allows threshold control by setting the output low if the input at 
the Vj pin rises above 0.75 volt The CDP68HCeeW1 is supplied "m an 8-lead mini 
DIP plastic package (E suffix). 

Block Diagram 



Pinout 



PACKAGE TYPE E 

TOP VIEW 




jmrLTL 



I NPUT CLK 
MODULATOR 

LOGIC 



a-STA6E RIPPLE 
COUNTER 



PULSE-WIDTH 
DATA REGISTER 



tttttttt 



e- STAGE SHIFT 
REGISTER 



Vt 

COMPARATOR 



► I pwm[ 



SrSTAGE RIPPLE COUNTER 



FREQUENCY 
DATA REGISTER 



8- STAGE SHIFT REGISTER 



CONTROL REGISTER 
2- STAGE SHIFT 



9- STAGE 24- STATE COUNTER 



RGURE 1 



CapyrigM O Harris ConKnUan 1091 



Rie Number 1919.1 



CDP68HC68W1 



Maximum Rattngs Absoluts MMtnum Values 

DC Supply Voltage Range, (Vdq) -0.5V to +7V 

(Voltage Referenced to Vss Terminal) 

Input Voltage Range, Alllnputs -0.5V to Vdd +0.5V 

DC Input Cun-ent, Any One Input ±10mA 

Power Dissipation Per Package (Pq) 

T;^ = -400C to +60OC (Package Type E) 500mW 

Tft = +600C to +850C (Package Type E) Derate Linearly at 

12mW/oc to 200mW 



Device Dissipation Per Output Transistor 100mW 

Ta = Full Package Temperature Range (All Package Types) 

Operating Temperature Range (Ta) -40°Cto+85OC 

Storage Temperature Range (Tstg) -65°C to +1 50°C 

Lead Temperature (During Soldering) +265°C 

At Distance i/%9im */32iin<'(1 .S8 * O/raWlW) Fnm Case for 
10s Max . ' ; 1 



Recommended Operating Conditions Ta = -400C to +850C. For maximum reltatdity, device should-always be 

operated within the following ranges: 



CHARACTERISTIC 


SYIVIBOL 


LIMITS 


UNITS 


MIN. 


MAX. 


DC Operating Voltage Range 




4 


6 


V 


Input Voltage Range (Except Vx Ptn) 


VlH 
V|L 


0.7 Vdd 

-0.3 


Vdd + 0-3V 

0.3 Vdd 


V 


Vj Pin Output Voltage Threshold 


V|T 


0.4 


0.1 5 Vdd 


V 


Serial Clock Frequency, SCK (Vdd »4i5V) ^> 


FSCK 


DC 


2.1 


MHz 


Clock Frequency 


FCLK 


DC 


8 


MHz 


— — --J 1.1 

Static Electrical Characteristic Ta = -40OC to +850C, Vdd = 5V ± io% 


CHARACTERISTIC 


SYMBOL 


LIMITS 


UNITS 


MIN. 


MAX. 


Device Current in "Power Down" Mode, Clock Disabled 


IPD 




1 


mA 


Low Level Output Voltage (lo|_ = 1 .6mA) 


Vol 




OA 


V 


l-ligh Level Output Voltage (Iqh = ~1 -BmA) 


VOH 


VDD-a4V 




V 


Input Leakage Current 


hN 




±1 


(lA 


Operating Device Cun'ent (fcLK = ^ MHz) 


lOPER 




1 


mA 


Clock Input Capacitance (V|n = OV, fcLK = 1 MHz, Ta*« *f 89© 


C|N 






pF 



Pin Signal Functions 



PIN 
NO. 


PIN 
SIGNAL 


PIN 
FUNCTION 




PIN 1: 


CLK 


(INPUT)* 


CLOCK - The clock signal to be altered by the PWM circuitry. This is ttie source of the PWM output. 
This input frequency can be internally divided by either one or two, depending on the stale of the CD bit 
in the control register. 


PIN 2; 


CS 


(INOUT) 


CHIP SELECT - A high-to-low (1 to 0) trsnsWen selects the chip. A low-(o-high (0 to 1) transition 
deselects Ihs chip and transfers data from the sMftrsalsteis to Hie data registers. 


PIN 3: 


VT 


(INPUT) 


VOLTAGE THRESHOLD - An analog voltage greater than a75V (at Vdd = 5V) on this pin will immedi- 
ately cause the PWM output to go to logic "0". This wW tie the status until the V^ irtput Is returned to a 
voltage below 0.4V, the W1 Is deseleotad, andtan one ormore ot ttiftdato registers Is written to. 

An analog voltage on this pin leas than 0.75V (at Vdd = ^ wHI altowttie dsMee-to operate e^ specifled 
by the values In the registers. 


PIN 4; 


VSS 


(POWER) 


GROUND - Establishes the low (togic 0) voltage level. 


PINS: 


DATA 


(INPUT) 


Data input at this pin is clocked Into the shift register (jje., latched) on the rising edge of the serial clock 

(SCK), most significant bits first. 


PIN 6; 


SCK 


(INPUT) 


SERIAL CLOCK - A rising edge on this pin will shift data available at the (DATA) pin into the shift register. 


PIN 7: 


PWM 


(OUTPUT) 


This pin provides the resultant output frequency and pulse width. After VdD power up, the output on 
tills pin will remain a logic 'V, until the ii^lp is selected, 24 bits of Informafion clocked In, and the chip 
deselected. 


PINS: 


Vdd 


(POWER) 


Establishea the high Oogte 1 ) voltage level. 



SchmHt trigger input. 



The digital pulse widtli modular (DPWM) divides down a 
clock signal supplied via CLK Pin 1 as specified by its 
control, frequency and pulse width data registers. The 
resultant output signal, with alterect 'fctmuwicy and duty 
cycle, appears at PWM Pin 7. 

Serial Port 

Data are entered into the three DPWM registers serially 
through the data pin. Pin 5, accompanied by a signal 
applied to SCK Pin 6. The user can supply these serial data 
via shift register(s) or a microcomputer's serial port, such as 
the SPI port available on most 68HC05 microcomputers. 
I^icrocomputer I/O lines can also be used to simulate a 
serial port. 

Data are written serially, most significant bit first, in 8, 1 6, or 
24-bit increments. Data are sampled and shifted info the 
PWMs shift register on each rising edge of the SCK. The 
serial clocl< should remain low when inactive. Therefore, 
when using a 68HC05 microcomputer's SPI port to provide 
data, program the microcom(kitet*a SPI control register bits 
CPOL, CPHA to 0, 0. 

The CDP68HC68W1 latches data words after device 
deselection. Therefore, CS mu^ go high (inactive) following 
each write to the W 1 . 

Power-Up Initialization 

Upon Vdd power up, the output of the PWM chip will 
remain at a low level (logic zero) until; 

1. The chip is selected (CS pin pulled low). 

2. 24 bit of Information are shifted in. 

3. The Is deselected (CS pin pulled high). 

The 24-bits of necessary information pertain to the loading 
of the three PWM 8-bit registers, in the following order: 

1. Control register 

2. Frequency register . 

3. Pulse width register 

See seclSon entitled "Pulse Width Modulator Data 
Registers" for a description of each register. Once 
initialized, the specified PWM output signal will appear until 
the device is reprogrammed or the vottage on the Vr pin 
rises above the SFteclfled thresholds Reprogramming the 
device will update the PWM output after the end of the 
present outpi^ clock period. 

Reprogramming Shortcut* . 

After thedevlce has been fully programmed upon powerup, 
it is only necessary to input 8 bits of information to alt^f this 
output pulse width, or 16 bits to alter the output frequency. 

Altering the Pulse Width: The pulse width may be 
changed by selecting the chip, inputting 8 bits, and 
deselecting the chip. By deselecting the chip, data from the 
first 8-bit shift register are latched into the pulse width 
register (PWM register). The frequency and control registers 
remain unchanged. The updated PWM information will 



Altering the Frequency: The frequency can be changed 
by selecting the chip, inputting 1 6-bits (frequency informa- 
tion followed by pulse width information), and deselecting 
the chip. Deselection will transfer 16 bits of data from the 
shift register into the frequency register and PW register. 
The updated frequency and PW information will appear at 
the PWM output pin only after the end of the previous total 
output period. 

Altering the Control Word: Changing the clocl< divider 
and/or power control bit in the CDP68HC68W1 control reg- 
ister requires full 24-bit programming, as described under 
Power Up Initialization. 

Pulse Width Modulator Data Registers 

Control Register 



PC CD 



Bit 7 6 5 4 3 2 1 

X = Dont Care - " 

Byte One: Control Register 

Bits 7-2 These bits are don't care. 

Bit 1 (PC) Power Control Bit. If this bit is a "0", the chip 
will remain in the active state. If the bit is set 
to a "1", internal clocking and the voltage 
comparator (VT) circuit and voltage refer- 
ence will be disabled. Thus the chip will 
enter a low current drain mode. The chip may 
only reenter the active mode by clearing 
tills bit and clocking in a full 24 bits of 
information. 

BltO^D) Clock Divider Bit. If this bit is a "0", the chip 
will set internal clocking (CLK) at a divide- 
by-one rate with respect to the (CLK). If this 
bit is set to "1", the Internal clocking will be 
set to a divide-by-2 state. 

Byte Two: Frequency Data Register 

Bits 7-0 This register contains the value that will 
determine the output frequency lOr total 



period by: 
FOUT = 



F|N 



(N+1)(CD-H) 



WhWB FoUT resultant PWM ou^ut 

frequency 

F|N = the frequency of input CLK 
n = value in frequency register 

CD = value of clock diviier Ijfflii 

control register 

For a case of n (binary value in frequency 
register) equal to 5, and CD (clock divider) = 
(divide-by- 1), the PWM output will be a 
frequency 1/6 that of the input clo^ (Cl:l% 
Likewise, the output clock period vJlll ie 
equal to 6 input CLK periods. 



CDP68HC68W1 



Byte Three: 
Bits 7-0 



Pulse Width Data Register 

This register contains the value that will 
determine the pulse width or duty cycle (high 
duration) of the output PWM waveform. 

PW = (N+1)(CD +1) 

Where PW = Pulse width out as mea- 
sured in number of input 
CLK periods. 

. , CP = Value of clock divider bit in 

^ ' ' 'COi^ii^-regiato'. 

N = Value in PW register. 

For a case of n (binary value in PW register) 
equal to 3 and CD (clock divider) = 
(divide-by-1 ), the output will be 4 input clock 
periods of a high level followed by the 
remaining clocks of the total period which 
will be a low level. 

Assuming the frequency register contains a 
value of 5, the resultant PWM output would 
be high for 4 CLK periods, low for 2. 

Using the CDP68HC68W1 (Summary) 
Programmfng the CDPSSHG^WI 

1. Select chip 

2. Write to control register* 

3. Write to frequency register* 

4. Write to pulse width register* 

5. Deselect chip 

NEXT: To then alterthe pulse width: 

1. Select chip 

2. WrfteKSputseiWidHiTearsteif* 

3. Deselect chip 



OR: To then alter xm tt^mmv (Md pe^l^y PW): 

" .1 

1. Select chip 

2. Write to frequency register* 

3. Write to pulse width register* 

4. Desele^(Mp 

*AII writes use 8-bit words 
CDP68HC68W1 Registers^ 

1. Control Register: 

- Bit = CtX ■^ 2 if set ("Cr «n j :. 

- Bit 1 = Power do\wh It sif 

2. Frequency Register: 

- A value of N written to the frequency register yields an 
output f Fequeney of: 

3. Pulse Width Register: 

- Determines duty cycle (high duration) of PWM output 
signal. A value of N written to ttie PW register yields a 
pulse width of: 

Pulse Width = (N+1) (CD+1) 

ex^PLE: when CD = 0, 

frequency register = 
register = 1 ; output 
periods, low for 3: 



4, pulse width 

= high for Z input CLK 



1. Select chip 

2. Then write (most significant bit first) to the 
control, the frequency, and pulse width regi- 
sters (control = 00, frequency = 04, PW = 1 ) 

3. Deselect the chip 



CHtPSEUCT (CS) 



\ 



-CONTROL WORD- 



LSB MSB 



-FREQUENCY WOHD- 



SERIAL CLK (SCK) . 



J- 



CLK =0 
PWUd-OUT =0 



Curves 
continued 
immediately ; 
below 
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UJ & 

tn DC 
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Curves 

continued 

below 
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New pulse width ©Bt begins and PWM goes high when CS Resulting output waveform: Control = 00 = 

is raised after last SCK pulse (assuming no previous time- frequency = 4: \ 

out). PWM then toggles on falling CLK edges. inpclk INPCLK 

'^'*''"^"'=y= (04+1) (0+1) = ■ 

PW = 1: (1+1) (0+1) = 2 CLKs high time 



INPUT 

CLOCK (CLK) 



PWM ^ ^ ■ . r- OUTPUT 

OUT \ ^ / \ / , 'u.f (PWM) 



TOTAL OUTPUT PERIOD = 
5 X (INPUT CLOCK PERIOD) 



Serial Pertphmr^'''tntmi»e:'^' f®P#" ¥lmfyg 




Timing Characteristics Vdd = 5.0 Vqc ±i o%, Vss = o Vdc, Ta = -40oc to +85oc 



ld.no. 


CHARACTERISTICS 


LIMITS 


UNITS 


MIN. 


MAX. 




Serial Clock Frequency, fsCK 


DC 


2.1 


MHz 


1 


Cycle Time 


480 




ns 


2 


Enable Lead Time 


240 




• ns 


3 


Enable Lag Time 




200 


ns 


4 


Serial Clock (SCK) High Time 


190 




ns 


S 


Serial Clock (SCK) Low Time 


190 




RS 


6 


Data Setup Time 


100 




ns 


7 


Data Hold Time 


100 




ns 


8 


Fall Time (70% Vqd to 20% Vqd. Cl = 200pF) 




100 


ns 


9 


Rise Time (20% Vqd to 70% Vqd. Cl = 200pF) 




100 


ns 



CP68HC68W1 



PWM Timinff 



CLK 



PWM 



H--6 




Timing Characteristics Vdd = S.O Vqc ±10%, Vss = Vdc. Ta = -40oc to +850C 



1. D. NO. 


CHARACTERISTICS 


LIMITS 


UNITS 


MIN. 


MAX. 




Clock Frequenoy.fcLK ■ 


DC 


8.0 


MHz 


1 


Cycle Time 


125 




ns 


2 


ClocktoPWMOia I 




125 


ns 


3 


Clock High Time 


50 




ns 


4 


Clock Low Time 


50 




ns 


5 


Rise Time (20% Vqd to 70% Vdq) 




100 


ns 


6 


Fall time (70% Vdd »o 20% Vdd) 




100 


ns 



CDPBSHCeSWf Appticati&it Example 



Register, and the Pulse Width Data Register. The frequency 
and pulse width are then modified. Finally the pulse width is 
modified without changing the frequency. The program was 



The following example was wrSten for a system which has 
the CDP68HC68W1 conn^sted to the SPI bus of a 
CDP6eHC05C4 microcontroller. The program sets the W1 
to run a divide by 200 frequency vi^Oi a duty cycle of ^% by assembled using the Harris HASMS assembler, 
writing to the Control Register, the Frequency Data 

W1.S 

Example W1 routines - sets W1 to a divide by 
200 output with 30% duty ey^r. 



' fiter 



Date: 



Tue C^-25'1990 



in 



* Partial Map of 68HC05C4 Hardware Roisters 



0000 






Section 


Reelsters,$000O 


0000 




PortA 


ds 


1 


;PortA 


0001 




PortB 


ds 


1 




0002 




Porte 


ds 


1 




0003 




PortD 


ds 


1 




0004 




DDRA 


ds 


1 


;Port A Data pjfscfion Register 


0005 




DDRB 


ds 


1 




0008 




DDRC 


ds 


1. ....iW. 




0007 




DDRD 


ds 


1 




0008 




_Free1 


ds 


2 


,-two uhiised'Ib&Bffi^tis 


OOOA 




SPCR 


ds 


1 


;SPi Control Register 


0040 = 


64 


_SPE 


equ 


01000000b 


;SPI Enable bit 


0010 = 


ia 


_M8IH 


equ 


OOOIOOOOb 


{SPI Master Mode bit 


OOOB 




spm 


ds 


1 


;SPI Status Register 


0080 = 


128 


_SPIF 


equ 


10000000b 


;SPI Flag bitfor^MBs, CMPs, etc. 


0007 = 


7 


_^SfNF 


equ 


7 


;SPI Flag bit for BRSETs&SeCLRs 


OOOC 




SPDR 


ds 


1 


;SPI Data Register 



HI < 

< Ui 

UJ & 
</) DC 
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* W1 Constants 




0000 


= 


W1 equ ;W1 is connected to bit Oof Port A 


0002 


2 


W1_PC equ 00000010b ;Power Control: 1 = power down 


0001 


1 


W1 _CD equ 00000001 b ;Clock Divider: 1 = divide by 2 






* Main Routines 












0100 




Section Code,$0100 




0100 


CD0143main jsr Initialize W1 


;turn on RAO 






Set200_30 




0103 


1 1 (V\ 


bclr WI.PortA ,. , ,, 


;select W1 (CE is active low) 


0105 


UUOI oo 


jsr 'SeitljM^^)L=.li4oGl& 


;Setup the 68HC05 SPI Gontr*^ 








{totalktotheWI 






.******.*************Set Up eontroi, Fmquency, andlPulse WielK, ■ 






SendAIICommands 




0108 


A601 


Ida #W1_CD 


j8rtdiv[d«by*i«3 dock on W1 


01 OA 


CD013D 


jsr SPI xmit 


01 OD 


A663 


Ida #99 


isstfrecittency to divide by 200 


01 OF 


CD013D 


jsr SPI xmit 




0112 


A61D 


Ida #29 


;s^pUlS9 width tc>30% duty cycle 


0114 


CD013D 


jsr SPI xmit 








DeselectWI 1 




0117 


1000 


bset WI.PortA 


;deselectthe W1 which loads registers 
















» 

;d6 sbnie(Mn0 etet Hien,,.- 


' *' . 




Modify Freqaeney and Puis© W«Jth 






ChangeFreq and Width 




0119 


1100 


bclr WI.PortA 


;select W1 (CE is active low) 


011B 


CD0138 


Jsr Set_vyi_SPI_Mode 


;Setup the 68HC05 SPI control.- 








itoteriktotheWt 






SendCSemmahdsa 




01 1E 


A631 


Ida #49 


;set frequency to divide by 100 (the 


0120 


CD01 30 


jsr SFl_xmK 


;divlde by 2 is still In effect) 


0123 


A609 


Ida #9 


;set pulse width to 20% d uty cycle 


0125 


CD013D 


jsr SPI_xmit 








DeselectWI _2 




6\M 


1000 


bset WLPortA 


ideseleotthe W1 which loads it^lstwrs 








^Ith values transmitted 








;do something else, thefv>. 






*********************[^Q^jjly Pulse Width 








CHangeWidth 




012A 


1100 


bclr WI.PortA 


;select W1 (CE is active low) 


01 2C 


CD013S 


jsr S6t_W1_SPIj_Mode 


;Sebjp the 68HC05 SPI eontri^:.. 








,-totalktotheWi 






SS^tdQ^Hjfljandsa ,, 




012F 


A61i 


Ida #17 


;set pulse width to 36% duty cycle 


0131 


CP013I3 


Jsr SPI_xmlt 








DeseieclWU 




0134 


1000 


ISset Wl.PorW 


;ctesel^t the W1' whieh loads ij^Isi@rs 








iwith values transmitted 






Finis 




013® 




bra * 


;loop forever 
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Common Subroutines 



0138 

0138 A650 

01 3A B70A 

013C 81 

013D B70C 

01 3F 0F08FD 

0142 81 

0143 1000 
0145 1004 
0147 81 



Section Subroutines,* 

Set_W1_SPI_Mode 

Ida #_SPE+_MSTR 

sta SPCR 

rts 



SPI_Xmit 
SPI_wait 

brclr 
rts 

lnlt!atizeL_Wl 
bset 
bsiet 
rts 



SPDR 



•JEmb\a SPI as a Master with... 
:ePHA=CPOL-0, 



;aend A to SPI device 



_SP1F, SP^, SPL-wait ;watt until transmit complete 



WI.PortA 
W1,DDRA 



;disablethe W1 (CE is active low) 
^ acilvatins PAO as a high 



= 3 
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Operating And Handling Considerations 



CMOS Integrated Circuits 

This is a summary of Important operating recommendations 
and precautions which should be followed in the interest of 
maintaining the high stendards of performance of spUd 
state devices. 

The design flexibility provided by these devices makes pos- 
sible their use In a broad range of applications and under 
many different operating conditions. When Incorporating 
these devtecB In equlptnertt, ther^ore, designers should 
anticipate ttie rai« possitrility of device failure and make 
certain tttat no safety hazard would result ftom such an oc- 
currence. 

Absolute Maximum Ratings 

The published ratings of the devices are based on the Abso- 
lute Maximum Rating System, which is defined by the 
following industry standard (JEDEC) statement: 
Absolute Maximum Ratings are limiting values of operating 
and environmental conditions applicable to any electron 
device of a specified type as defined by Its publisfied data, 
and should not tie exceeded under the worst probable con- 
ditions. 

The device manufacturer chooses these values to 
provide acceptable serviceability of the device, taking no 
responsibility for equipment variations, environmental varia- 
tions, and the effects of changes In operating conditions 

due to variations in device characteristics. 

The equipment manufacturer should design so that initially 
and throughout life no absolute maximum value for the 
intended service is exceeded with any device under the 
worst probable operating conditions with respect to supply 
voltage variation, equipment component variation, equip- 
ment control adjustment, load variation, signal variation, 
environmental conditions, and variations in device charac- 
teristics. 

It is recommended that equipment manufacturers consult 
their local Sales Office whenever device applications in- 
volve unusual electrical, mechanical or environmental oper- 
ating conditions. 

General Considerations 

In general, with any application where devices are 
operated at voltages which may be dangerous to personnel, 
suitable precautionary measures should be taken to prevent 
dli-ect contact with th^e disvlces. 

The metal shells of some solid state devices such as the 
TO-5 style package often used fortntegrated circuits usual- 
ly has the substrate or most negative supply voltage 
connected to the case. Therefore, conddeiatlon should be 
given to the possibility of shock hamd tf the shells are to 
operate at voltages appreciably above or below ground 
potential. 

Devices should not be connected into or disconnected from 
circuits with the power on because high transient voltages 
may cause permanent damage to the devices. 

In common with many electronic components, solid state 
devices should be operated and tested in circuits which 
have reasonable values of current limiting resistance, or 



other forms of effective current overload protection. Failure 
to observe these precautions can cause excessive internal 
heating of the device and result in destruction and/or possi- 
ble shattering of the enclosure. 

The small size of most solid state products provides obvi- 
ous advantages to the designers of electronic equipment. 
However, it should be recognized that these compact 
devices usually provide only relatively small insulation area 
between adjacent leads and the device pacl<age. When 
these devices are used in moist or contaminated atmos- 
pheres, therefore, supplemental protection must be provid- 
ed to prevent the development of electrical conductive 
paths across the relatively small insulating surfaces. 

Thermal Considerations 

The maximum allowable power dissipation in a solid state 
device is limited by the junction temperature. An important 
factor in assuring that the junction temperature remains 
below the specified maximum value is the ability of the 
associated thermal circuit to conduct heat away from the 
device. 

When a solid state device Is operated in free air, without a 
heat sinl<, the steady state thermal circuit is defined by the 
junction-to-free air thermal resistance given in the pub- 
lished data for the device. Thermal considerations require 
that a free flow of air around the device is always present 
and that the power dissipation be maintained below the lev- 
el which would cause the junction temperature to rise above 
the maximum rating at the worst case ambient temperature. 

Electrostatic Voltage Discharge Considerations 

Electrostatic voltage discharge of sufficient energy can 
damage any solid state device. These electrical potentials 
can be significantly reduced during handling or testing by 
following industry accepted practices which include: 

• Properly grounded equipment workstations, 
operators and handlers 

• The use of air ionizers 

• Control of ambient humidity 

• Device storage and transportation in a charge 
dissipatlve medium such as 'Eccosorb" LD26' or 
eqtiti^afent 

Mounting 

Integrated circuits are normally supplied with tin/lead 
dipped leads to facilitate soldering into circuit boards. 

When integrated circuits are welded onto printed circuit 
boards or equipment, the presence of moisture between the 
closely spaced terminals can result in conductive paths that 
may Impair device performance in high impedance applica- 
tions. It Is therefore recommended that conformal coatings 
or potting be provided as an added measure of protection 
against moisture penetration. 

In any method of mounting integrated circuits which 
involves bending or forming of the device leads, it is 
extremely important that the lead be supported and 
clamped between the bend and the package seal, and that 
bending be done with care to avoid damage to lead plating. 
In no case should the radius of the bend be less than the 



Eccosofb ja a trademark of Emsraon and CummlriOi D^c. 
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diameter of the lead, or in the case of rectangular leads, 
such as those used in the 14 lead and 16 lead flat pack- 
ages, less than the lead thicl<ness. When solder dipped 
leads are formed, they must be reflowed or redipped within 
40 mils of the package body. It is also extremely important 
that the ends of the bent leads be straight to assure proper 
insertion through the holes In the printed circuit board. 

Many semiconductor products are available in surface 
mounted packages which enable the user to mount these 
devices directly on the surface of a circuit board. Unlike 
conventional dual-in-line (DIP) leaded packages which 
require through holes for insertion, surface mounted pack- 
ages are soldered to a series of pads on a circuit board 
using a variety of acceptable techniques such as vapor 
phase or infrared reflow. This series of pads, commonly 
called a footprint, matches the lead or contact outline of the 
package(s) beliie used. 

Recommended Lead Porrrting Practices 

Die Packages 

The leads on dual-in-line CERDIP or dual-in-line 
Sidebrazed packages are not intended to be bent or 
formed. No further lead forming is recommended. 

Flat Packages 

Many flat packages, including some quad flat packages, are 
provided to users with the leads in a horizontal plane. 

Since users form leads into many configurations, these rela- 
tively thin leaded devices require a certain amount of care to 
avoid any handling which would affect the suitability of 
these leads. 

Taking guidance from Mil-Std-4544, the following Is 
recommended when bending leads: 

a. The bend radius must exceed twice the lead thickness 

b. Always start the bending 0,015 inches or more away 
from the device body to protect body-to-lead adlier- 
ence, and body hermeticity 

c. Bend leads 85 degrees maximum to prbvidd a strong 
fixed position condition 

d. Use roller type die when forming gold plated leads to 
minimize si|rface scouring 

e. Provide a minimum surfeice contact length of 2 times the 
lead width 

f. Leads should be cleaned of any bending tool lubricants 
to enhance solderability 

Cleaning After Mounting 

A Wide variety of chemicals and solvents is available for 
fluxing, degreasing, and flux removal. Care must be 
exercised in the selection of materials, such that from a reli- 
ability standpoint, there is no adverse effect on component 
life. A major contributor affecting device reliability is the 
chemical reaction of chloride with the aluminum 
metallization of the die. Eventually this etching process will 
result in electrical open circuits. The mechanism is defined 
as Electrolytic Metal Attack (EMA) and is accelerated in a 
moisture environment. Cleaning and fluxing compounds 
free of chloride will therefore maximize device life. Chloride 
is defined as the dissociated ion, which is soluable in water, 
as contreffited to the water insoluble organic chlorine of 



compounds such as perchloroethylene and trichloroethane. 
It is, of course, impractical to evaluate the long term effect 
on semiconductor life of all chemicals which are marketed 
under a variety of brand names. 

The choice of fluxes for electronic applications should be 
restricted to rosin types R, RMA, RA and water soluble or- 
ganic acid, OA, formulations. Inorganic acid fluxes should 
not be used as they can attack the internal metallization of 
the semiconductor. As stated atx>ve, it is further 
recommended^ where applicable, that nonhalide type fluxes 
be used for improved device reliability. Some examples of 
acceptable fluxes are: -■, ■ ■ . -. 

A. Rosin Types (RA): 
-Alpha 711 

- Alpha 809 foam flux 

- Alpha 81 1 foam flux 

- Alpha 815 foam flux 

- Alpha TL33M halide free 

B. Water Soluable Organic Acid (OA) Types, Halide Free: 

- Blackstone 1 452 

- Kenco 183 

- Alpha 260HF and 285HF 

Since circuit boards can fail into several categories, such as 
single sided, double sided with plated through holes and 
densely populated multilayer types, it must be stressed that 
the manufacturer's recommendation be considered when 
choosing the proper flux for the process being used. 

Flux cleaning and/or degreasing is necessary to assure that 
the final soldered assembly is free of contaminating soils. 
The choice of the cleaning system is relative to the soil be- 
ing removed. Water based cleaners are generally used to 
remove polar soils, such as rosin activators, organic acid 
residues, and finger salts. Solvent cleaners are chosen for 
removal or organic (nonpolar) contaminants, which include 
rosins, oils and greases. Cleaning methods can incorporate 
immersion (with or without ultrasonics), brushing and spray- 
ing. The choice of cleaner should be based on afflnng^tortfit 
contaminant, ability to thoroughly wet parts, and coiltapatMK 
ity with components. It should also be safe to use. 

Solvent cleaners are generally divided into two classes: 
chlorinated and fluorinated. These can be used for cleaning 
rosin activated (RA) fluxes: The chlorinated solvents are 
more aggressive and care must be taken to assure there is 
no damage to components or substrate. This type solvent 
should not be used with silicon encapsulated transistors as 
the solvent will lend to dissolve the plastic. The use of chlo- 
rinated solvents must be closely monitored because of a 
breakdown to form acid components in the presence of 
moisture. The solvent should bo checked regularly and dis- 
carded when acid levels exceed manufacturer's guidelines. 
Fluorinated solvents are nonfally bkmcts 
trifluorotrlchloroethane with other solvents, such asifiSHw 
nol, ethanol, Isopropanol, acetone, methylene chloride, or 
chloroform. These solvents can be purchased under trade 
names as Freon TE, TE35, TP35, Frigen 1 13 TR-M, Haitron 
113 MOM and Flugene 113 MA. Fluorinated systems are 
milder acting and are used in vapor degreasing systems at 
the boiling point of the solvent mixture. 



%4 



Oj!0ri0ng and Hsu^lf^ Cqnaiderations 



The solvents may be used for a maximum of 4 liours at 
+250C or for a maximum of 1 hour at +50OC. 

Rosin fluxes can be removed by eitiier solvent or aqueous 
cleaners. The water systems contain an additive that reacts 
with the rosin acids to convert the acids to a water soluable 
biodegradable soap. Water soluble organic acid fluxes may 
require the use of a neutralizer to accerate the solubility of 
the acid residues and neutralize any residues that may 
remain. Alcohols are acceptable solvents for rosin based 
flux removal; but because of flammability concerns, the 
fluorinated alcohol blends are preferred. Examples of suita- 
ble alcohols are methanol, isopropanol and special 
denatured ethyl alcohols, such as SDA1, SDA30, SDA34 
and SDA44. 

If the completed assembly is to be encapsulated, the effect 
on the molded plastic transistor must be studied from both a 
chemical and physiicaf standpoint 

CMOS Design Considerations 
ESD (Electrostatic Discharge) 

Since the Introduction of MOS, manufacturers have 
searched for effective and safe ways of handling this volt- 
age sensitive device. High input impedance of CMOS, 
coupled with gate oxide breakdown characteristics, result 
in susceptibility to electrostatic charge damage. 

Figure 1 shows a cross section ofa silicon gate MOS struc- 
ture. Note the very thin oxide layer (k 300 to 500A) present 
under the gate material. Actual breakdown voltage for this 
insulating layer ranges from 30V to 50V. 

Handling equipment and personnel, by simply moving, can 
generate in excess of lOkV of static potential in a low hu- 
midity environment. Thus, static voltages, in magnitudes 
sufficient to damage delicate MOS input gate structures, 
are generated in most handling environments. 

A failure occurs when a voltage of sufficient magnitude is 
applied across the gate oxide causing it to breakdown and 
destruct. Molten material then flows into the void creating a 
short from the gate to the underlying silicon. Such shorts 
occur either at a discontinuity in doping concentration, or at 
a defect site in the thin oxide. If no problems appear in the 
oxide, breakdown would most likely occur at gate/source, 
or gate/drain intersection coifleiltenee due to the doping 
concentration gradient. 

Noncatastrophic degradat'ion may result due to 
overstressing a CMOS input. Sometimes an input may be 



SOURCE METAL SILICON - 
GATE 



DRAIN METAL 




GATE OXIDE 300 - SOOA)* 



FIGURE 1. SILICON GATE PFET STRUCTURE CROSS SECTION 
THE HEAVILY DOPED SOURCE AND DRAIN REGION IS 
SHOWN. THEY ARE SEPARATED BY A NARROW GAP OVER 
WHICH LIES A THIN GATE OXIDE AND GATE MATERIAL 
* lAtAngstepm - 10*^ ran) 



damaged, but not shorted. Most of these ^lures relate to 
damage of the protection network, not the gate, and show 

up as increased input leakage. 

Voltage Limiting Input Protection 

During the evolution of monolithic MOS, manufacturers de- 
veloped various protection mechanisms that are an integral 
part of the circuit. However, several of these earlier tech- 
niques have been replaced by improved methods now in 
use. The object of most of these schemes is to prevent dam- 
age to input gate structures by limiting applied voltages. 

Recent CMOS designs employ a dual diode concept in their 
input protection networks. Figure 2 illustrates such a pro- 
tection circuit. 

One characteristic of junction isolated CMOS protection cir- 
cuits is the a 200n current limiting resistor. Cross sectional 
area of the metallization leading to the resistor, and the area 
of the resistor are, therefore, designed to absorb discharge 
energy without sustaining permanent damage. This dual di- 
ode protection has proved very effective and Is the most 
commonly used method in production today. 

IHarrls Input Gate Protection 

To protect input device gates against destructive overstress 
by Static electricity aecumuiaUng during handling and inser- 
tion of CMOS products, circuit protection is provided on all 
inputs. The general configuration of this protection circuit is 
shown In Figure 2. 

Both diodes to the Vqq and Vss I'ries have breakdown volt- 
ages averaging between 35V and 40V. Excessive static 
charge accumulated on the input pin is thus effectively 
discharged through these diodes which limit the voltage 
applied from gate to drain and source. The 20@n resistor 

as20Qa 
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?Vdd 
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FIGURE 2. JUNCTION ISOLATED DUAL DIODE PROTECTION 
NETWORKS ARE MOST COMMONLY USED IN 
■TQSI^Y<#e|M«>9IBCUITC 
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provides current limiting during discharge. Depending on 
the polarity of the input static charge and on which of the 
supply pins are grounded, the protective diodes may either 
conduct in the forward direction or breakdown in the 
reverse direction. 

There are two trade-offs to consider when fabricating an 
input protection scheme, namely effectiveness of the 
overvoltage protection and performance of the overall cir- 
cuit. It is obvious that increasing the series resistance and 
capacitance at an input limits current and this, in turn, 
increases the input protection's ability to absorb the shock 
of a static discharge. However, such an approach to protec- 
tion can have a significant effect on circuit speed and input 
leakage. The input protection selected must therefore 
provide a useful performance level and adequate static 
charge protection. 

Commonly used MOS input protection circuits all have 
basic characteristics that limit their effectiveness. The zener 
diodes, or forward biased pn junctions, employed have 
finite turn on times too long to be effective for fast rise time 
conditions. A static discharge of 1.5kV into a MOS input 
may bring the gate past its breakdown level before the pro- 
tection diodes or zener becomes conductive. 

Actual turn on times erf zeners and pn diodes are difficult to 
determine. It is estimated that they are a few nanoseconds 
and a few tens of picoseconds, respectively. A low imped- 
ance static source can easily produce rise times equal to or 
faster than these turn on times. Obviously, the input time 
constant required to delay buildup of voltage at the gate 
must be much higher for zener diodes or other schemes 
having longer turn on times. 

Consider an example. Figure 3 shows a test circuit thai sim- 
ulates the discharge of a 1.5kV static charge into a CMOS 
input. Body capacitance and resistance of the average per- 
son is represented by a 100pF capacitor through LSkfl. 
Switch A Is initially closed, charging lOOpF to I.SkV with 
switch B open. Switch A is opened, then B is closed, sort- 
ing the discharge. With the 1.5kfl x 5pF time constant to 
limit the charge rate at the DUT input, It would take approxi- 
mately 350ps to charge to 7QV above Vqd- Diode turn on 
time Is much, shorter Jian aSOps, hence the gate node 
would be clamped before any dan^e couM be sustained. 



The Forward Bias Phenomenon 

Monolithic CMOS integrated circuits employ a single crys- 
tal silicon wafer into which FET sources and drains are 
implanted. For complex functions many thousands of tran- 
sistors may be required and each must be electrically 
isolated for proper operation. 

Junction techniques are commonly used to provide the 
required isolation each switching node operating reverse 
biased to Its respective substrate material. Additionally, as 
previously mentioned, protection diodes are provided to 
prevent static charge related damage where inputs 
interface to package pins. Forward biasing any of these 
junctions with or without power applied may result in mal- 
function, parametric degradation, or damage to the circuit. 

l-ligh currents resulting from an excessive forward bias can 
cause severe overheating localized to the area of a junction. 
Damage to the silicon, overlying oxide and metallization can 
result. 

Bipolar Parasitics 

Care must always be exercised not to forward bias junc- 
tions from input or output pads. 

A complex and potential defect phenomenon is the interac- 
tion of a npn/pnp combination a la SCR (Figure 5). Forv.'ard 
biasing the base emitter junction of either bipolar compo- 
nent can cause the pair to latch up if pnpn x ppnp > 1 . The 
resultant low impedance between supply pins can cause 
fusing of metallization or over dissipation of the chip. 

Figure 5 shows how an SCR might be formed. The p-f diffu- 
sion labeled INPUT is connected to aluminum metallization 



EMITTER (NPN) COULECTOR (PNP) EMrTTER (PNP) 

Vgg OUTPUT \ Vgg INPUT 




COLLECTOR Vqq 
(NPN) 




O Vss 

TEST SETUP 



vss 

DEVICE UNDER TEST (DUT) 



INPUT Vdo 
O 



LATERAL 
(PNP) 



VERTICAL 
(NPN) 



FIGURE 3. INPUT PROTECTION NETWORK TEST SETUP 
ILLUSTRATES HOW DIODE CLAMPING PREVENTS 
EXCESSIVE VOLTAGES WOtH EMMffGlNa THE 
CMOS DEVICE. 



FIGURE 5. IMPROPER BIASING CAN LATCH-UP THIS SCR 
CONFIGURATION. 

Ap+ GUARD RING IS COMMONLY USED TO KILL LATERAL pnp 
ACTION. THIS RING IS DIFFUSED INTO THE SURFACE AT THE 
JUNCTION OF p- AND SILICON. 
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and bonded to a package pin. Biasing Ws point positive 
with respect to Vqq supplies base drive to the pnp thirough 
R2. Altliougii gain of these lateral devices is normally very 
low, sufficient collector current may be generated to 
forward bias and supply substantial base current to the 
vertical npn parasitic. Once the pair has been activated, 
each member provides the base current required to sustain 
the other. A latched condition will be maintained until power 
Is removed or circuit damage disables further operation. 

Operating Rules 
Unused Inputs 

All unused input leads must be connected to either the low 
rail (Vss. Vee o'' GND) or the high rail (Vcc or Vdd), which- 
ever Is appropriate for the logic circuit Involved. A floating 
input not only can result in faulty logic operation, but can 
cause the maximum rated power dissipation to be ex- 
ceeded and may result In damage to the device. Inputs to 
these types, which are mounted on printed circuit boards 
that may temporarily become unterminated, should have a 
resistor to the high or low voltage supply rails. A useful 
range of values for such resistors is from 1 kilohms to 1 
megohm. Pins that are I/O must have a terminating resistor. 
Note: Some dAvices contain Ir^tegrated terminating resistors 

Input Signals 

Signals shall not be applied to the inputs while the device 
power supply is off unless the Input current Is limited to a 
steady state vaiufe of less than the absolute maximum 
rating. Input currents of less than the maximum rating 
prevent device damage; however, proper operation may be 
Impaired as a result of current flow through structural diode 
junctions. 

Capacitance on a CMOS input or output will result In a 
forward bias condition when power is turned off. This 
capacitance must discharge through forward biased input 
or output to substrate junctions as the bus voltage col- 
lapses. Excessive capacitance (thousands of pF) should be 
avoided as discharging the stored energy may generate 
excessive current densities during power-down. 

Where forward biasing is inevitable, current limiting should 
be provided. Current should not be permitted to exceed 
1 mA on any package pin excluding supply pins. 

Output Short Circuits 

Shorting of outputs to the high or low supply rail can 
damage many of the higher output current CMOS types, 
such as the CD4007, CD4041, CD4049 and CD4050. In 
general, these types can all be safely shorted for supplies 
up to 5V, but will be damaged (depending on type) at higher 
power supply voltages. For the CMOS HC/HCT/HCU types, 
outputs may be shorted to Vcc (5V ± 10%) for 1 isecond 
maximum and only one output at a time. For cases in which 
-a short circuited load, such as the base of a pnp or an npn 
bipolar transistor. Is directly driven, tfto device output char- 
acteristics given In the published data should be consulted 
to determine the requirements for a safe operation below 
the device maximum rated output power. 

CMOS Power Supply Distribution 

Power distribution should be a prime consideration in all 
CMOS designs. Although DC power dissipation Is very low, 



dynamic power (dug to switching transients] can be high. 
High voltage and/or low temperature operation Increase 

dynamic current transients. 

A low impedance power source and supply to ground 
capacitance bypass will significantly reduce noise genera- 
tion on signal and power line to greatly enhance system 
reliability. 

Decoupling 

Higher speeds, faster edges and higher output drive 
currents cause higher frequency current transients to be 
Imposed on ground and Vdd rails of an IC. For LSI and high 
speed families, consideration of power supply distribution 
and decoupling become Important. Before decoupling can 
be utilized for noise reduction there must be a good power 
supply distribution network. A good ground connection sys- 
tem and capacitlve decoupling must be employed. Testing 
has shown 0.01)iF/package to be effective In filtering noise 
generated by most CMOS circuits. 

Handling Rules 

There Is no completely foolproof system of chip input pro- 
tection presently In production. If static discharge Is of high 
enough magnitude, or of sufficiently short rise time, some 
damage or degradation may occur. It Is evident, therefore, 
that proper handling procedures should be adopted at all 
times. 

Elimination of reduction of static charge can be accom- 
plished as fbllows: 

• Use conductive work stations. Metsdite or conductive 
plastic tops on work benches connected to ground help 
eliminate static buildup. 

• Ground all handling equipment. 

• Ground ail handling personnel with a conductive brace- 
let through IMfl to ground. The IMn resistor will 
prevent injury. 

• Smocks, clothing and especially shoes of certain insulat- 
ing materials (notably nylon) should not be worn in areas 
where devices are handled. These materials, highly 
dielectric in nature, will hold or atd fri Vem generation of a 
static charge. 

• Control relative humidity to as high a level as practical. A 
higher level of humidity helps bleed away any static 
Charge ^ it collects. 

• Ionized air blowers reduce charge buildup In areas 
where grounding Is not possible or desirable. 

• Devices should be in antistatic conductive carriers dur- 
ing all phases of transport. If antistatic carriers are used 
the devices and isaiTlers stfould be In a st^c Shielding 
bag. 

• In automated handling equipment, the belts, chutes or 
other surfaces the leads contact should be of a conduct- 
ing nature. If this is not possible, i@riiiZ9d ttr blowers may 
be a good alternative. 

All CMOS products are shipped In antistatic packaging 
materials. 
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The first character of eacfi entry indicates the padcage type, while Ois number preceding the decimal point details the paci<- 
age lead count The decimal point and succeeding numlsers relate to the package t)ody dimensions (e.g. Mm SOOmUs). The 
entire entry indicates the talMe containing the appropriate pacloge dimensions (e.g. 24 lead PDIP dimension are detailed in 

Table E24.6). The Index on page 7-1 lists page numbers for PDIP, MQFP PLCC, SBDIP and SOIC tables. 



PART NUMBER 


PDIP 


SOIC 


PLCC 


MOFP 


SIDEBRAZE 


CDP68HC05C4 


E40.6 




N44.65 


044.10x10 




CDP68HCL05C4 


E40.6 




N44.65 


044.10x10 




CDP68HSC05C4 


E40.6 




r444.65 


044.10x10 




CDP68HC05C8 


E40.6 




N44.65 


044.10x10 




CDP68HCL05C8 


E40.6 




N44.65 


044.10x10 




CDP68HSC05C8 


E40.6 




1444^65 


Q44.1(M0 




CDP68HG05J3 


e20.3 


M20.3 








CDP68HCL05J3 


E20.3 


M20.3 








CDP68HSC05J3 


E20.3 


M20.3 








CDP68HC05D2 


E40.6 




M44.es 


044.10(10 




CDP6805E2 


E40.6 




N44.65 




D40.6 


CDP6805E2C 


E40.6 




N44.65 




D40.6 


CDP6805E3 


E40.6 




N44.65 




D40.6 


CDP6805E3C 


E40.6 




N44.65 




D40.6 


CDP6805F2 


E28.6 










CDP6805F2C 


E28.6 










CDP6805G2 


E40.6 








040.6 


CDP6805G2C 


E40.6 








040.6 


CDP6402 


E40.6 








040.6 


CDP6402C 


E40.6 








D40.6 


CDP65C51 


E28.6 


M28.3 






028.6 


CDP6818 


E24.6 








024.6 


CDP6818A . 


E24.6 




N28.45 




024.6 


CDP6823 


E40.6 




N44.65 




040.6 


CDP6853 


E28.6 








028.6 


CDP68HC68A2 


E16.3 


M20.3 








CDP68HC68P1 


E16.3 


M16.15 








CDP68HC68R1 


E8.3 










CDP68HC68R2 


E8.3 










CDP68HC68S1 


E14.3 


M20.3 








CDP68HC68T1 


E16.3 


M20.3 






D16.3 


CDP68HC68W1 


E8.3 
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Package Outlines 



Dual-ln-Line Plastic Packages (PDIP) 



INDEX 
ARE« 




E8.3 (JEDEC MS-001-BA ISSUE D) 

8 LEAD DUAL-IN-LINE PLASTIC PACKAGE 



I 



c 
•a- 



NOTES; 

1 . Controlling Dimensions: INCH. In case of conflict t>etween 
English and Metric dimensions, the inch dimensions control. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Symbols are defined in the "MO Series Symbol Lisr in Section 
2.2 of Publication No. 95. 

4. Dimensions A, A1 and L are measured with the package seated 
in JEDEC seating plane gauge GS-3. 

5. D, D1 , and El dimensions do not Include mold flash or protru- 
sions. Mold flasti or e^tn^bflsliNM^ Wt i^ai^ 
(0.25mm). 

6. E and [ba] are mea sured with the leads constrained to be per- 
pendicular to datum | -C- 1 . 

7. eg and ec are measured at the lead tips with the lesds uncon- 
strained, ec must be zero or greater. 

8. B1 maximum dimensions do not include dambar protrusions. 
Dambar protrusions shall not exceed 0.01 inch (0.25mm). 

9. N is the maximum number of terminal positions. 

10. Corner leads (1 , N, N/2 and N/2 + 1) for £8.3, £16.3* El 8,3, 
E28.3, E42.6 wiii have a B1 dlnwnstor^ of O.030 ->0.0>@ Inch 
(0.76 -1.14mm). 



SYMBOL 


INCHES 


MILLIMETERS 


NOTES 


MIN 


MAX 


MIN 


MAX 


A 




0.210 




5.33 


4 


A1 


0.015 




0.39 




4 


A2 


0.115 


0.195 


2.93 


4.95 


- 


B 


0.014 


0.022 


0.356 


0.558 


- 


B1 


0.045 


0.070 


1.15 


1.77 


8, 10 


C 


0.008 


0.014 


0.204 


0.355 


- 


D 


0.355 


0.400 


9.01 


10.16 


5 


D1 


0.005 




0.13 




5 


E 


0.300 


0.325 


7.62 


8.25 


6 


E1 


0.240 


0.280 


6.10 


7.11 


5 


e 


0.100 BSC 


2.54 BSC 




Sa 


0.300 BSC 


7.62 BSC 


6 


eg 




0.430 




10.92 


7 


L 


0.115 


0.150 


2.93 


3.81 


4 


N 


8 


8 


9 
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El 4.3 (JEDEC MS-001-AA ISSUE D) 

14 LEAD DUAL-IN-LINE PLASTIC PACKAGE 





INCHES 


MILLIMETERS 




SYMBOL 


MIN 


MAX 


MIN 


MAX 


NOTES 


A 




0.210 




5.33 


4 


A1 


0.015 




0.39 




4 


A2 


0.115 


0.195 


2.93 


4.95 




B 


0.014 


0.022 


0.356 


0.558 




B1 


0.045 


0.070 


1.15 


1.77 


8 


C 


0.008 


0.014 


0.204 


0.355 




D 


0.735 


0.775 


18.66 


19.68 


5 


D1 


0.005 




0.13 




5 


E 


0.300 


0.325 


7.62 


8.25 


6 


El 


0.240 


0.280 


6.10 


7.11 


5 


a 


0.100 BSC 


2.54 BSC 






0.300 BSC 


7.62 BSC 


6 


es 




0.430 




10.92 


7 


L 


0.115 


0.150 


2.93 


3.81 


4 


N 


14 


14 


9 



Rev. 12/93 



7-9 



Package Outlines 



Dual-ln-Line Plastic Packages (PDIP) (Continued) 




El 6.3 (JEDEC MS-001-BB ISSUE D) 
IS LEAD DUAL-IN-LINE PLASTIC PACKAGE 



NOTES: 

1 . Controlling Dimensions: INCH. In case of conflict between 
English and Metric dimensions, tlie inch dimensions control. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Symbols are defined in the "MO Series Symbol List" in Section 
2.2 of Publication No. 95. 

4. Dimensions A, A1 and L are measured with the paclcage seated 
in JEDEC seating plane gauge QS-3. 

5. D, D1 , and El diniMnsions do not include mold flash or protru- 
sions. Mold flash or protniaions shaH not axcesd O.O|0 Inch 
(0.25mm). 

6. Eand am mea sured with thahaifccaw^alned to be per- 

pendicuBTto datum pC^ . 

7. eg and ec are measured at the lead tips with the leads uncon- 
strained, ec must be zero or greater. 

8. 81 maximum dimensions do not include dambar protrusions. 
Dambar protrusions shall not exceed 0.010 Inch (0.25mm). 

9. N Is the maximum number of terminal positions. 

10. Corner leads (1, N, f>i/2 and 1^ + 1) for E8.3, E16.3, E18.3, 
E28.3, E42.6 wiii have a B1 dimanslon of 0.0X - 0.045 Inch 
(0.76 -1.14mm). 



SYMBOL 


INCHES 


MILLIMETERS 


NOTES 


MIN 


MAX 


MIN 


MAX 


A 




0.210 




5.33 


4 


A1 


0.015 




0.39 




4 


A2 


0.115 


0.195 


2.93 


4.95 


- 


B 


0.014 


0.022 


0.356 


0.558 


- 


B1 


0.045 


0.070 


1.15 


1.77 


8, 10 


C 


0.008 


0.014 


0.204 


0.355 


- 


D 


0.735 


0.775 


18.66 


19.68 


5 


D1 


0.005 




0.13 




5 


E 


0.300 


0.325 


7.62 


8.25 


6 


El 


0.240 


0.280 


6.10 


7.11 


5 


e 


0.100 BSC 


2.54 BSC 




Sa 


0.300 BSC 


7.62 BSC 


6 


sb 




0.430 




10.92 


7 


L 


0.115 


0.150 


2.93 


3.81 


4 


N 


16 


16 


9 
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E20.3 (JEDEC MS-001-AD ISSUE D) 

20 LEAD DUAL-IN-LINE PLASTIC PACKAGE 





INCHES 


MILLIMETERS 




SYMBOL 


MIN 


MAX 


MIN 


MAX 


NOTES 


A 




0.210 




5.33 


4 


A1 


0.015 




0.39 




4 


A2 


0.115 


0.195 


2.93 


4.95 




B 


0.014 


0.022 


0.356 


0.558 




81 


0.045 


0.070 


1.55 


1.77 


8 


C 


0.008 


0.014 


0.204 


0.355 




D 


0.980 


1.060 


24.89 


26.9 


5 


D1 


0.005 




0.13 




5 


E 


0.300 


0.325 


7.62 


8.25 


6 


El 


0.240 


0.280 


6.10 


7.11 


5 


a 


0.100 BSC 


2.54 BSC 




flA 


0.300 BSC 


7.62 BSC 


6 


Sb 




0.430 




10.92 


7 


L 


0.115 


0.150 


2.93 


3.81 


4 


N 


20 


20 


9 
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Dual-ln-Line Plastic Packages (PDIP) (Continued) 




E24.6 (JEDEC MS-011-AA ISSUE B) 

24 LEAD DUAL-IN-LINE PLASTIC PACKAGE 



' 1^ 0.010 (0.25)(g)| C I A I B®] 
NOTES: 

1. Ccnl'olling Dimensions: INCH. In case of conflict between 
Englisti and Metric dimensions, the inch dimensions control. 

2. Dimensioning and toleTarKing per ANSI Y14.5M-1982. 



3. Symbols are defined in tlie "MO Series Symbol Lisf in Section 
2.2 of Publication No. 95. 

4. Dinrnnsloiis A, A1 arid Lara measured with the package seated 
in JEDEC seating plane gauge GS-3. 

5. D, D1, and El dimerslons do not Include mold flash or prolnj- 
sions. Mold flash or protrusions shall not ewead 0.010 iixih 

(0.25mm). 

6. Eand are measured with ttie leads conslnUned to be per- 
pendicular to datum I -C- 1 . 

7. eg and Be are measured at the lead tips with the leads uncon- 
strained. Be must be zero or greater. 

8. B1 maximum dimensions do not include dambar protrusions. 
Dambar protrusions shall not exceed 0.010 inch (0.25mm). 

9. N is the maximum numtier of terminal positions. 

1 0. Comer leads (1 , N, Ne and N« -i- 1) tor E8.3, E16.3, E18.3, 
E28.3, E42.6 will haw a B1 dknenslon of 0.030 - 0.045 hwh 
(0.76 -1.14mm). 



SYMBOL 


INCHES 


MILLIMETERS 


NOTES 


MIN 


MAX 


MIN 


MAX 


A 




0.250 




6.35 


4 


A1 


0.015 




0.39 




4 


A2 


0.125 


0.195 


3.18 


4.95 


. 


B 


0.014 


0.022 


0.356 


0.558 


. 


81 


0.030 


0.070 


0.77 


1.77 


8 


C 


0.008 


0.015 


0.204 


0.381 


. 


D 


1.150 


1.290 


29.3 


32.7 


5 


D1 


0.005 




0.13 




5 


E 


0.600 


0.625 


15.24 


15.87 


6 


El 


0.485 


0.580 


12.32 


14.73 


5 


e 


0.100 BSC 


2.54 BSC 




Sa 


0.600 BSC 


15.24 BSC 


6 


sb 




0.700 




17.78 


7 


L 


0.115 


0.200 


2.93 


5.08 


4 


N 


24 


24 


9 
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E28.6 (JEDEC MS^iif^i issue B) 

28 LEAD DUAL-IN-LINE PLASTIC PACKAGE 



SYMBOL 


mates 


MILUMETERS 


NOTES 


MIN 


MAX 


MIN 


MAX 


A 




0.250 




6.35 


4 


A1 


0.015 




0.39 




4 


A2 


0.125 


0.195 


3.18 


4.95 




B 


0.014 


0.022 


0.356 


0.558 




B1 


0.030 


0.070 


0.77 


1.77 


8 


C 


0.008 


0.015 


0.204 


0.381 




D 


1.380 


1.565 


35.1 


39.7 


5 


D1 


0.005 




0.13 




5 


E 


0.600 


0.625 


15.24 


15.87 


6 


E1 


0.485 


0.580 


12.32 


14.73 


5 


e 


0.100 BSC 


2.54 BSC 




e* 


0.600 BSC 


15.24 BSC 


6 


eg 




0.700 




17.78 


7 


L 


0.115 


0.2X 


2.93 


5.08 


4 


N 


28 


28 


9 



Rev. 12/93 




E40.6 (JEOEC MS-011-AC ISSUE B) 

40 LEAD DUAL-IN-LINE PLASTIC PACKAGE 



1^0.010 (0.25)(g)| C I A I B®] 



NOTES: 
1 



Controlllhg Dirnenslons: INCH. In case of conflict between 
English and Metric dimensions, ttie incfi dimensions control. 

2. Dimensioning and toleraiicing per ANSI Y14.SM-1982. 

3. Symtjols are defined in the "MO Series Symt)oi Lisrin Secton 
2.2 of Pubitcation No. 95. 

4. Dimensions A, A1 and L are measured wHh the package ssEtted 
In JEDSC seding plane gauge 6S-3. 

5. D, D1, and E1 dimensions do not include mold flash or protru- 
sions. Mold flash or protrusions shall not exceed 0.010 inch 
(0.25nim). 

6. E and [e/^l are mea sured with the leads constrained to be per- 
pendicijl^to datum | -C- 1 . 

7. eg and^ec.are measured at the lead fips witti the leads uncon- 
strained, eo must be zero or greater. 

8. B1 maximum dimensions do not include dambar protrusions. 
Dambar protrusions shall not exceed 0.010 inch (0.25mm). 

9. N Is the maximum number of terminal positions. 

10. Corner leads (1, N, N/2 and N/2 + 1) for E8.3, E16.3, El 8.3, 
E28.3, E42.6 Will have a B1 dimension of 0.030 • 0.045 inch 
(0.76 -1.14mm). 



SYMBOL 


INCHES 


MILLIMETERS 


NOTES 


MIN 


MAX 


MIN 


MAX 


A 


- 


0.250 


- 


6.35 


4 


A1 


0.015 


- 


0.39 


- 


4 


A2 


0.125 


0.195 


3.18 


4.95 


■ 


B 


0.014 


0.022 


0.356 


0.558 


- 


B1 


0.030 


0.070 


0.77 


1.77 


8 


C 


0.008 


0.015 


0.204 


0.381 


- 


D 


1.980 


2.095 


50.3 


53.2 


5 


D1 


0.005 




0.13 




5 


E 


0.600 


0.625 


15.24 


15.87 


6 


El 


0.485 


0.580 


12.32 


14.73 


5 


e 


0.100 BSC 


2.54 BSC 


- 


Ba 


0.600 BSC 


15.24 BSC 


6 


ee 




0.700 




17.78 


7 


L 


0.115 


0.200 


2.93 


5.08 


4 


N 


40 


40 


9 



Rev. 012/93 



7-12 



Package Outlines 



Small Outline Plastic Packages (SOIC) 



J H f^0-25<0.010)<g)|B(g)| 




Ml 6.1 5 (JEDEC M&«12-AC ISSUE C) t 

16 LEAD NARROW BODY SMALL OUTLINE PLASTIC PACKAGE 



NOTES: 

1 . Symbols are defined in the "MO Series Symbol List" in Section 
2.2 of Publication Number 95. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982, 

3. Dimension "D" does not include mold flash, protrusions or gate 
burrs. Mold flash, protrusion and gate burrs shall not exceed 

0. f 5mm (0.006 inch) per side. 

4. Dimension 'E' does not include interlead flash or protrusions. In- 
terlead flash and protrusions shall not exeesd 0.25Rim (0U)10 

inch) per side. 

5. The chamfer on the body is optional. If it Is not present, a visual 
index feature must be located within the crosshatched area. 

6. "L' is the length of terminal for soldering to a sutistrate. 

7. "N' is the number of terminal positions. 

8. Terminal numbers are shown for reference only. 

9. The lead width 'B', as measured 0;36mm C0.014 inch) or greater 
above the seating plane, shall not exceed a maxllnum value oi 
0.61mm (0.024 inch) 

10. Controlling dimension: li^lLLIIMETER. Converted Inch dhnan- 
sions are not necessarily exact 



SYMBOL 


INCHES 


MILLIMETERS 


NOTES 


MIN 


MAX 


MiN 


MAX 


A 


0.0532 


0.0688 


1.35 


1.75 


- 


A1 


0.0040 


0.0098 


0.10 


0.25 


- 


B 


0.013 


0.020 


0.33 


0.51 


9 


C 


0.0075 


0.0098 


0.19 


0.25 




D 


0.3859 


0.3937 


9.80 


10.00 


3 


E 


0.1497 


0.1574 


3.80 


4.00 


4 


e 


0.050 BSC 


1.27 BSC 




H 


0.2284 


0.2440 


5.80 


6.20 




h 


0.0099 


0.0196 


0.25 


0.50 


5 


L 


0.016 


0.050 


0.40 


1.27 


6 


N 


16 


16 


7 


a 


0° 


8° 


0° 


8° 
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M20.3 (JEDEC MS-013-AC ISSUE C) 

20 LEAD WIDE BODY SMALL OUTLINE PLASTIC PACKAGE 



SYMBOL 


INCHES 


MILUMETERS 


NOTES 


MIN 


MAX 


MIN 


MAX 


A 


0.0926 


0.1043 


2.35 


2.65 




A1 


0.0040 


0.0118 


0.10 


0.30 




B 


0.013 


0.0200 


0.33 


0.51 


9 


C 


0.0091 


0.0125 


0.23 


0.32 




D 


0.4961 


0.5118 


12.60 


13.00 


3 


E 


05914 


0.2992 


7.40 


7.60 


4 


e 


O.OS)BSC 


i:2?BSC 




H 


0.394 


0.419 


10.00 


10.65 




h 


0.010 


0.029 


0.25 


0.75 


5 


L 


0.016 


0.050 


0.40 


1.27 


6 


N 


20 


20 


7 


a 


0° 


8° 


0° 


8° 
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Small Outline Pkistic Packages fSOIC/ (Continued) 




M28.3 (JEDEC MS-013-AE ISSUE C) 

28 LEAD WIDE BODY SMALL OUTLINE PLASTIC PACKAGE 



NOTES: 

1 . Symbols are defined in the "MO Series Symbol UsT In Section 
2.2 of Publication Number 95. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1 982. 

3. Dimension *D' does not Include mold flash, protrusions or gate 
burrs. Mold flash, protruslor) and gate burrs shall not exceed 
0. 1 5mm (0.006 inch) per side. 

4. Dimerslon 'E' does not Include Interlead flash or profusions. In- 
terlead flash and protrusions shall not exceed 0.25mm (0,010 
Inch) per side. 

5. The chamfer on 9ie body Is ogtlorial. If it is not present, a visual 
Index feature must be located within the crosshatched area. 

6. "L* is the length of terminal for soldering to a substrate. 

7. "N" is the number of terminal positions. 

8. Terminal numbers are sliown lor reference only. 

9. The lead width "B", as measured 0.36mm (0.01 4 inch) or greater 
above the seating plane, shall not exceed a maximum value of 
0.61mm (0.024 inch) 

10. Controlling dimension: MILLIMETER. Converted Inch dimen- 
sions are not necessarily exact. 



SYMBOL 




MILUMETERS 


NOTES 


MIN 


MAX 


MIN 


MAX 


A 


0.0926 


0.1043 


2.35 


2.65 




A1 


O.OO-W 


0.0118 


0.10 


0.30 




B 


0.013 


0.0200 


0.33 


0.51 


9 


C 


0.0091 


0.0125 


0.23 


0.32 




D 


0.6969 


0.7125 


17.70 


18.10 


3 


E 


0.2914 


0.2992 


7.40 


7.60 


4 


e 


0.05 BSC 


1.27 BSC 




H 


0.394 


0.419 


10.00 


10.65 




h 


0.01 


0.029 


0.25 


0.75 


5 


L 


0.016 


0.050 


0.40 


1.27 


6 


N 


28 


28 


7 


a 


0° 


8° 


o» 


8° 
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Package Outllnea 



Plastic Leaded Chip Carrier Packages (PLCC) 

0.042 (1.07) 



0.04S (1.22) 

PIN(1)IOEN'nRER 

-^nnrunnr ir^r|innn 



0.042 (1.07) 
0.080 ttJlff TP 




N28.45 (JEDEC MS-018 ISSUE A) 
28 LEAD PLASTIC LEADED CHIP CARRIER PACKAGE 



3 PLCS 



SEATINCI 
PLANE 



0.026 (0.66) 
0.032(0.81) 



T 



aM5(1.14) - 



0.013(0.33) 
0.021 (0.53) 



025(0jS4) 
MIN 



VIEW "A" TYP. 

NOTES: 

1. Controlling dimension: INCH. Converted nniliimeter dimensions 
are not necessarily exact. 

2. Dimensions and tolerancing per ANSI Y14.5M-1982. 

3. Dimensions 01 and El do not include mold protrusions. Allow- 
able mold protrusion Is 0.01 inch (0.25mm) per side. 

4. To be measured at ssMMg plane [^|] contact polnL 

5. CenterUne Id be determined where center leads exit plaMlB body. 

6. "N* Is the numtwr of terminal positions. 



SYMBOL 


INCHES 


MILLIMETERS 


NOTES 


MIN 


MAX 


MIN 


MAX 


A 


0.165 


0.180 


4.20 


4.57 




A1 


0.090 


0.120 


2.29 


3.04 




D 


0.485 


0.495 


12.32 


12.57 




D1 


0.450 


0.456 


11.43 


11.58 


3 


D2 


0.191 


0.219 


4.86 


5.56 


4,5 


E 


0.485 


0.495 


12.32 


12.57 




El 


0.450 


0.456 


11.43 


11.58 


3 


E2 


0.191 


0.219 


4.86 


5.56 


4,5 


N, 


, 


, 28 


6 
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N44.65 (JEDEC MS-018 ISSUE A) 

44 LEAD PLASTIC LEADED CHIP CARRIER PACKAGE 



SYMBOL 


INCHES 


MILUMETERS 


NOTES 


MIN 


MAX 


MM 


MAX 


A 


0.165 


0.180 


4.20 


4.57 




A1 


0.090 


0.120 


2.29 


3.04 




D 


0.685 


0.695 


17.40 


17.65 




D1 


0.650 


0.656 


16.51 


16.66 


3 


D2 


0.291 


0.319 


7.40 


8.10 


4,5 


E 


0.685 


0.695 


17.40 


17.65 




El 


0.650 


0.656 


16.51 


16.66 


3 


£2 


0.291 


0.319 


7.40 


8.10 


4,5 


N 




44 


6 
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44 LEAD METRIC PLASTIC QUAD FLATPACK PACKAGE 



+ = 



1 




BASEMETAL- 
MMjfLHING; 



SYMBOL 


INCHES 


MILUMETERS 


NOTES 


MIN 


MAX 


MIN 


MAX 


A 


. 


0.093 


- 


2.35 


- 


A1 


0.004 


0.010 


0.10 


0.25 


- 


A2 


0.077 


0.083 


1.95 


2.10 


- 


B 


0.012 


0.018 


0.30 


0.45 


6 


B1 


0.012 


0.016 


0.30 


0.40 


- 


D 


0.510 


0.530 


12.95 


13.45 


3 


D1 


0.390 


0.398 


9.90 


10.10 


4,5 


E 


0.510 


0.530 


12.95 


13.45 


3 


E1 


0.390 


0.398 


9.90 


10.10 


4, 5 


L 


0.026 


0.037 


0.65 


0.95 




N 


44 


44 


7 


e 


0.032 BSC 


0.80 BSC 





Rev. 1 1/94 

NOTES: 

1. Controlling dimension: MILLIMETER. Converted inch 
dimensions are not necessarily exact. 

2. All dimensions and tolerances per ANSI Y14.5M-1982. 

3. Dimensions D and E to be determined at seating plane 

4. Dimensions D1 and E 1 to be determined at datum plane 

5. Dimensions D1 and El do not include mold protrusion. 
Allowable protrusion is 0.25mm (0.010 inch) per side. 

6. Dimension B does not include dambar protrusion. Allowable 
dambar protrusion shall be 0.08mm (0.003 inch) totaL 

7. "N* is ttia number of terminal positions. 



O.OOSW.OM 



Package ^iMIneA 



Ceramic Dual-ln-Line Metal Seal Packages (SBDIP) 




Cl LEAD FINISH 



D1 6.3 MIL-STD-1835 CDIP2-T16 (D-2, CONFIGURATION 
16 LEAD CERAMIC DUAL-IN-UNE METAL SEAL PACKACffi 



1 p 



BASE 
METAL 



■|bbb®|c|A-B(5)|D0| 
K* D H J ^ 



*— (b)^ 
SECTION A-A 



(c) 



T 




Index area: A notch or a pin one kJenUlication mark shall be locat- 
ed adjacent to pin one and shall be locatsd within the shaded 
area shown. The manufacturer's identification shall not be used 
as a pin one Identification mark. 

The n^aximum limits of lead dimensions b and c or M shall be 
measured at the centroW of tfie finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 

Dimensionsbl andd apply to lead base metal only. Oimenskxi 
M applies to lead plating and finish tfvckness. 

Corner leads (1 , N, N/2, and N/2+1 ) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b2. 

Dimension Q shall be measured from the seating plane to the 

base plane. 

Measure dimension SI at all four corners. 

Measure dimension S2 from the top of the caramk: body to tf» 
nearest m^lization or lead. 



8. Nte the tnaximum number of tennlnal positions. 

9. Braze fillets shall be concave, 

10. Dimensioning and toierancing per ANSI Y14.SIIA - 1982. 

11. ControMng dhmnsian: INCH. 



SYMBOL 


INCHES 


MILLIMETERS 


NOTES 


MIN 


MAX 


MIN 


MAX 


A 




0.200 




5.08 


■ 


b 


0.014 


0.026 


0.36 


0.66 


2 


b1 


0.014 


0.023 


0.36 


0.58 


3 


b2 


0.045 


0.065 


1.14 


1.65 


■ 


b3 


0.023 


0.045 


0.58 


1.14 


4 


c 


0.008 


0.018 


0.20 


0.46 


2 


cl 


0.008 


0.015 


0.20 


0.38 


3 


D 




0.840 




21.34 


- 


E 


0.220 


0.310 


5.59 


7.87 


- 


e 


0.100 BSC 


2.54 BSC 


- 


eA 


0.300 BSC 


7.62 BSC 


■ 


eA/2 


0.150 BSC 


3.81 BSC 


- 


L 


0.125 


0.200 


3.18 


5.08 


- 


Q 


0.015 


0.060 


0.38 


1.52 


5 


SI 


0.005 




0.13 




6 


82 


0.005 




0.13 




7 


a 


90° 


105° 


90° 


105° 




aaa 




0.015 




0.38 




bbb 




0.030 




0.76 




ccc 




0.010 




0.25 




M 




0.0015 




0.038 


2 


N 


16 


16 
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Package Ou^ims 



Ceramic Dual-ln-Line MeUil Seal Packegm (^^^^^imtam^ 




:1 LEAD FINISH 



D24.6 MIL-STD-1835 CDIP2-T24 (D-3, CONFIGURATION C) 
24 LEAD CERAMIC DUAL-IN-LINE METAL SEAL PACKAGE 



i 



BASE 
METAL 



BASE 
PLANE 



SEATING 
PLANE 



^hbl>®|C|A■B®[D®| 

-D H I 



Fb1 — 
M- 

(b) > 

SECTION A-A 




NOTES: 

1 . Index area: A notch or a pin one Identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer's identification shall not be used 
as a pin one identification mark. 

2. The maximum limits of lead dimensions b and c or M shall be 
measured at the centrold of the finished lead surfaces, when 
solder dip or tin plats lead finish Is applied. 

3. Dinnensions b1 and c1 apply to lead base metai only. Dimension 
M applies to lead plafing and finish thk:kness. 

4. Comer leads (1, N, N/2, and N/2-c1) may be configured with a 
partial lead paddle. For this configuratioti dimension bS replaces 
dimensign |i2. _ , _ _ _ ' 

5. Dtmefi^ion Q shall be measure from the seating plane to the 
base plane. 

6. Measure dimension 81 at ail four corners. 



Measure dimension 82 from the top of Vta ceramic bo4y to tie 
nearest metallization or lead. 



8. N Is the maximum number of terminal positions. 

9. Braze fillets shall be concave. 

1 0. Dlmen^lng and tolerancing per ANSI Y1 4.5M - 1^. 

11. ControRing dimension: INCH. 



SYMBOL 


INCHES 


MILLIMETERS 


NOTES 


MIN 


MAX 


MIN 


MAX 


A 




0.225 




5.72 




b 


0.014 


0.026 


0.36 


0.66 


2 


b1 


0.014 


0.023 


0.36 


0.58 


3 


b2 


0.045 


0.065 


1.14 


1.65 




b3 


0.023 


0.045 


0.58 


1.14 


4 


Q 


0.008 


0.018 


0.20 


0.46 


2 


c1 


0.008 


0.015 


0.20 


0.38 


3 


P 




1.290 




32.77 






0.500 


0.610 


12.70 


15.49 






0.100 BSC 


2.54 BSC 




eA 


0.600 BSC 


15.24 BSC 




eA/2 


0300 BSC 


7.62 BSC 




L 


0.120 


0.200 


3.05 


5.08 




Q 


0.015 


0.075 


0.38 


1.91 


5 


SI 


0.005 




0.13 




6 


82 


0.005 




0.13 




7 


a 


90° 


105° 


90° 


105° 




aaa 




0.015 




0.38 




bbb 




0.030 




0.76 




ccc 




0.010 




0.25 




M 




0.0015 




0.038 


2 


N 


24 


24 
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Package OuWms 



Ceramic Dual-ln-Line Metal Seal Packages (SBDIP) (Continued) 





3 


3 










E 




ra 












c1 LEAD FINISH 



BASE 
METAL 



* (b)- 

SECnON A-A 



T 



BASE 
PLANE 

SEATING 
PLANE 



^NE yi y 
siJi 



pmf: 



S2 Q 



ieAtt| 



>0jccc®|C|A-B®|Oi 

NOTES: 



f^aaa®|c|A-B®|D® 



1 . Index area: A notch or a pin one Identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer's identification shall not be used 
as a pin one identification mark. 

2. The maximum limits of lead dimensions b and c or M shall be 
measured at the centrold of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 

3. Dimensions b1 and c1 apply to lead base metal only. Dimensksn 
1^ applies to lead plating and finish thickness. 

4. Corner leads (1 , N, N/2, and N/2+1 ) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b2. 

5. Dimension Q shall be measured from the seating plane to the 
base plane. 

6. Measure dimension SI at all four corners. 

7. Measure dimension S2 from the top of the ceramic body to the 
nearest metallization or lead. 

8. N is the maximum number of terminal positions. 

9. Braze fillets shall be concave. 

10. Dimensioning and tderancing per ANSI Y14.5M - 1982. 

1 1 . Controlling dimension: INCH. 



D28.6 MIL^D-1835 CDIP2-T28 (D-10, CONFIGURATION C) 
28 LEAD CERAMIC DUAL-IN-LINE METAL SEAL PACKAGE 



SYMBOL 


INCHES 


MILLIMETERS 


NOTES 


MIN 


MAX 


MIN 


MAX 


A 




0.232 




5.92 


- 


b 


0.014 


0.026 


0.36 


0.66 


2 


b1 


0.014 


0.023 


0.36 


0.58 


3 


b2 


0.045 


0.065 


1.14 


1.65 


- 


b3 


0.023 


0.045 


0.58 


1.14 


4 


c 


0.008 


0.018 


0.20 


0.46 


2 


c1 


0.008 


0.015 


0.20 


0.38 


3 


D 




1.490 




37.85 


- 


E 


0.500 


0.610 


12.70 


15.49 


- 


e 


0.100 BSC 


2.54 BSC 


- 


eA 


0.600 BSC 


15.24 BSC 


- 


eA/2 


0.300 BSC 


7.62 BSC 


- 


L 


0.125 


0.200 


3.18 


5.08 


- 


Q 


0.015 


0.060 


0.38 


1.52 


5 


S1 


0.005 




0.13 




6 


S2 


0.005 




0.13 




7 


a 


90° 


105° 


90° 


105° 




aaa 




0.015 




0.38 




bbb 




0.030 




0.76 




ccc 




0.010 




0.25 




M 




0.0015 




0.038 


2 


N 


28 


28 
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er LEAD FINISH 




D40.6 MIL-STD-1835 CDIP2-T40 (D-5, CONFIGURATION C) 
40 LEAD CERAMIC DUAL-IN-LINE METAL SEAL PACKAGE 



BASE 
METAL 



t^bbb®|C|A-B®|D®| 

-D ^ 



* (b) * 

SECTION A-A 




NOTES: 

1 . Index area: A notch or a pin one identification rriarkstiail lie locat- 
ed adjacent to pin one and shaii be located within the shaded 
area shown. The manufacturer's Identification shaii not lie used 
as a pin one identification mari(. 

2. The maximum limits of lead dimensions b and c or M shaii be 
measured at the centrold of the finished lead surfaces, when 
solder dip or tin piate lead finish js applied. 

3. Dimensions b1 and c1 apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 

4. Corner leads (1, N, N/2, and N/2+1*) tnay be configured wKh a 
partial lead paddls. For this conflgjUraQon dln^rislon b3 replaces 
dimension b2. 

5. Dlmens^ Q shall be measured from the seating plane to the 
base plane. 

6. Measure dimension S1 at all four corners. 

7. Measure dimension S2 from the top of the i»^k: body to the 
nearest metallization or lead. 

8. N Is the maximum number of terminal postttons. 

9. Braze fillets shall be concave. 

1 0. Dimensioning and tolerancing per AISISI Y14.5M - 1982. 

1 1 . Controlling dimension: li^lCH. 



SYMBOL 


INCHES 


MILLIMETERS 


NOTES 


MIN 


MAX 


MIN 


MAX 


A 


- 


0.225 


■ 


5.72 


- 


b 


0.014 


0.026 


0.36 


0.66 


2 


b1 


0.014 


0.023 


0.36 


0.58 


3 


b2 


0.045 


0.065 


1.14 


1.65 


" 


b3 


0.023 


0.045 


0.58 


1.14 


4 


c 


0.008 


0.018 


0.20 


0.46 


2 


c1 


0.008 


0.015 


0.20 


0.38 


3 


D 




2.096 




53.24 


4 


E 


0.510 


0.620 


12.95 


15.75 


4 


e 


0.100 BSC 


2.54 BSC 


" 


eA 


0.600 BSC 


15.24 BSC 


- 


eA/2 


0.300 sse 


7.62 BSC 




L 


0.125 


0.200 


3.18 


5.08 


■ 


Q 


0.015 


0.070 


0.38 


1.78 


5 


S1 


0.005 




0.13 




6 


S2 


0.005 




0.13 




7 


a 


90° 


105° 


90° 


105° 




aaa 




0.015 




0.38 




bbb 




0.030 




0.76 




ccc 




0.010 




0.25 




M 




0.0015 




0.038 


2 


N 


40 


40 
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ORDERING INFORMATION 
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Package And Ordering Information 



Packages 

CMOS microprocessor, microcontroller and peripheral inte- 
grated circuits are available in one or more of the following 
package styles and are identified by the Suffix Letters Indi- 
cated: duai-in-line sidebinzed ceramic, dual-in-line plastic, 
small outline plastic, plastic leaded chip carrier, metric plas- 
tic quad flatpack and chip form. The available package 
styles for any specific type are given in the data sheet for 
that type. 

Ordering Information 

The family of packages and electrical options are identified 
by suffix letters indicated in the following chart. When order- 
ing a microprocessor, microcontroller or peripheral device It 
is impprtiunt: that the^appCQBriatf suffix letter be affixed to the 
type nuntber of the device. 



PACKAGE/OPTION 


SUFFIX LETTER 


Dual-in-Une Sidebrazed Ceramic DIP 


D 


□ual-in-Une Plasflc DIP 


E 


Small Outline Plastic SOIC 


M 


Plastic Leaded Chip Carrier PLCC 


N/Q (Note) 


Metric Plastic Quad Flatpack MQFP 


Q 


Chip (when applicable) 


H 


Enhanced Product Screening 

I.e., Burn-In (optional for D, E package types) 


X ' 


Electrical Option 


1,2,4 



NOTE: Some devices use the Q suffix for identifying PLCC packag- 
es. Consult your Harris sales r^resenl^ive for coTOct type number 

when placing orders. 

For example, a CDP65C51-1 In a dual-in-line plastic pack- 
age will be Identified as the CDP65C51E1. A CDP65C51E1 
with enhanced product screening option will be Identified as 
the CDP65C51E1X. 



CDP65C51 

\ 

FAMILY mVRT 
NUMBER 



E 

T 

PACKASE 
DESIGNATION 



1 

T 

ELECTRICAL 



X 

T 

ENHANCED 
PRODUCT 
OPTION 



a SUFFIX 

MfT^IC PU^Ttp OJfP FLATPACK PACKAGE (MQFP) 
44LEAbVEftSi6N 



D SUFFIX 

DUAL-IN'LINE SIDEBRAZED CERAMIC PACKAGE (SBDIP) 
1«, 18,22^ H SB' AND 40 LEAD VERSIONS 




M SUFFIX 

SMALL OUTLINE PLASTIC PACKAGE (SOIC) 




E SUFFIX 

PLASnC DUAL-M-UNE PACKAGE (PDIP) 
8, 16, IS, 20, 22, 24, 26 AND 40 LEAD VERSK>NS 

N/Q SUFFIX 
PLASTIC LEADED CHIP CARRIER (PLCC) 
28, 44, AND 68 LEAD VERSK)NS 



a o 

H 

oc o 



Package and Ordering Information 



■ V. - 

ROM Ordering Information 

Most members of the COP68HC05 and CDP6805 families of 
microcontrollers contain mask programmed ROMs. The con- 
tents of these ROMs are personalized to meet a customer's 
code requirements durir^ manufacturing of the ICs. The 
code is programmed via phbtomasDiing techniques. Semi- 
conductor manufacturing is a batch process, and all Inlcro- 
controllers manufactured in a given lot (a batch) will contain 
identical ROM code. 

Harris generates a customer's ROM masl< from an ASCII 
representation of the desired ROM contents together with 
other specific information. The following pages contain 
sheets which can be used to provide the required Informa- 
tion when ordering a masl<ed ROM microcontroller. 

Data Format Options 

The ROM data can be submitted in various formats. The fol- 
lowing list summarizes the principal formats which Harris will 
accept. The list Is In order of preference, with S-Record for- 
matted data files being the preferred format. 

• S-Record Formatted Hex Data File via modem upload 

• S-Rocord Formatted Hex Data File on floppy dlsic 

• S-llecoRllH»maiiMflMtManw«ta«ffl^ 

• 6805 Assembly Language Source File on floppy dhk 

• Contents of a Z7XXtypfEPRQM/EEPROM 



Regardless of the medium used to transfer the data, con- 
tents of all of the User ROM regions of the memory map of 
the particular mierooontroller should be specified. This 
includes any Page User ROM and User Reset/Interrupt 
Vectors. Data should not be specified for the Self Check 
ROM space of a device. All unused k>catlons should either 
not be specified (S-Record and source files) or specified as 
$00 (EPROM/EEPROM). 

Procedure for Submitting Data 

When submitting data via a physical medium such as a 
floppy disk or EPROM, the appropriate "Ordering Informa- 
tkin SheeiT on the following pages must be completed and 
submitted with the data. 

When utilizing the Harris Customer Pattern Retrieval System 
(modem upload) the customer will be prompted for the same 
information as that specified on the "Ordering Information 
Sheef. 

If the data is submitted via email, the message should 
include the same information as that specified on the "Order- 
ing lnfbrmatk>n SheeT. 

Harris Customer Pattern Ratrtoval System 

To access the Harris Customer Pattern Retrieval System, 
you must first ot>tain an account ID and password from your 
Harris sales representative. The system is accessed by dial- 
ing 1-908-685-6542. It is presently set to run with baud rates 
up 102400 baud, with 8 data bits, 1 stop bit, and no parity bit. 
fhe data transfer is done using text mode Kermit transfers. 



.-J-rT ^ Li j,,. 
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CDP68HC05C4/C8 MCU Ordering Information Sheet 

(Use separate Information Stteets for each Microcomputer Type) 



Low Power Veralons 

nCOPe8HCIj05C4 

nCOPe8HCU)6C8 



Mgii Spaed VMatoiw 

□ cDPe8HSC05C4 

□ COP68H8C0SC8 



A. Microcomputer Type (select one): 
Standard lypM 

□ CDP68HC05C4 

□ CDP68HC05C8 

B. Package Type (select one): 

r~l Dual-ln-Une Ptastie (package type E) 

n Dual-ln4Jne Ceiamic (package type D) 

I I Plastic Leaded Chip Carrier - PLCC (package type N) 

[~| Metric Plastic Quad Flatpack (package type Q) 

□ Chip (type H) 

C. Enhanced Product Screening (i.e. Bum-In at Additional Cost): Q YES Q NO 

D. Select the foflowing microcomputer optkxis. A manufacturing mask will be generated from this tnforniatkm. 
Refer to data sheet or data txK>k instruoUons for nibmtlting data for ROM patterns. 



internal Oscillator (select one) 

I I Crystal/Ceramk: Resonator 

I I Resistor 

E. Customer Company 

Address 



Input Interrupt Trigger (select one) 
I I Edge Sensitive 

[~1 Level and Edge Sensitive 



City 

Phone ( ) 

Contact Person 



Extenskxt , 



Customer Part Numljer . 



F. Pattern Media (S-Record Formatted File Should Be Used - Unspedfled k>catk>ns are filled with ffs) 

Floppy Disk: □ sV/ □ 5V4" MODEM Uptoad: □ S-ReconJ RIerrame 

Medium if other than atwve t 

Signature Title 



Date . 



t The C4 and C8 require 8K of address 



O O 



Custom S^ectkm Numtiar . 
OffneCode 



FOR mam semeoiammn use only 

, ^ VaMntCoda 



RE1URN THIS COIMPLETED FORM TO 
YOUR LOCAL HARRIS SBMCONDUCTOR SALES OFRCE OR REPRESENTATIVE 
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HOW TO USE HARRIS AnswerFAX 

What is AnswerFAX? 

AnswerFAX is Harris' automated fax response system. It gives you on-demarKi access to a full 
library of the latest data sheets, application notes, and other infomnation on Harris products. 

• • • 

What do I meet to uso Answoi^AX? 

Just a fax machine and a touch-tone phone. You can access it 24 Iwurs a day, 7 days a week. 

• • • 

How does it work? 

You call the AnswerFAX number, touch-tone your way through a series of recorded questions, 
enter the order numbers of the documents you want, and give AnswerFAX a fax number to send 
them to. You'll have the information you need in minutes. The chart on the next page shows you 
how. 

• • • 

How do I find dut the order number for the pul»lieations i want? 

The first time you call AnswerFAX, you ifKluld drctor one or more on-line catalogs of product line 
information. There are nine catalogs: 

• New Products • Digital Signal Processing (DSP) Products • Rad Hard Products 

• Unear/Telecom Products • Discrete & Intelligent Power Products • CMOS Lx>gic Products 

• Data Acquisition Products • Microprocessor Products • Application Notes 

Once they're faxed to you, you can can back and order the pubUcattons themselves by number. 

• • • 
How do I start? 

Dial 407-724-7800. That" s it. ? 




X 

< 

<n u. 

< > 
x<2 



Please refer to next page for a map to AnswerFAX. 



Your Map to Harris AnswerFAX 
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fll HARRIS AnswerFAX Technical Support 

UlJ semiconductor CDP6805 CMOS Microcontrollers & Peripherals 



APPLICATION NOTE LISTING 



AnsworFAX 
DOCUMENT 
NUMBER 


APPUCAT10N 

NOTE 


tiiui 


98601 


AN8601 


COP68HC0SC4 Monitor and Real-Tima Controller (27 pages) 


97200 


AN7200 


Monitor For Oie dOPeSOSdi Mhmoomptilw (IS pagaa) 


seibsa 


/mm 


\X9rsatile Serial Periplieral Interlace (8 pages) 


98723 


AN8723 


interfacing Serial EEPROMs to CDP6805 Microcompotets (8 pages) 


98759 


AN8759 


Low Cost Data Acquisition System Features SPI A/D Converter (9 pages) 


97199 


AN7199 


CDP6805 CMOS Family Emulators (7 pages) 


97197 


AN7197 


Keyless Entry System Using the CDP6e05F2 8-Bit Microcomputer Unit (10 pages) 


97364 


AN7364 


CDP680S MioroB: Comwting tMemipl»(4 pagM) 


987S6 


ANa7S6 


A ComparaHva Description of the UART • Universal Asynchronous Receiver/Tinuwrnitter 
(17 pages) 


98761 


AN8761 


User's Guide to the CDP68HC68T1 Real-Time Clocic (14 pages) 


96525 


AN6525 


Guide to Better Handling and Operation of CMOS Integrated Circuits (3 pages) 



. For mom1i^^f»^f^#imi,§».i^^if^^ page 9-2 and choose catalog item #6, 'Microprocessor Products". | 
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PUB. 
NUMBER 


DATA BOOk/DESCRIPTION 




SG103 


CMOS LOGIC SELECTION GUIDE (1994: 288pp) This product selection guide contains technical information on Harris 
Semiconductor High Speed 54/74 CMOS Logic Integrated Circuits for commercial, industrial and military appiications. It 
covers Harris' High Speed CMOS Logic HO/HOT Series, AC/ACT Series, BiCMOS Interface Logic FCT Series and CMOS 
Logic CD4000B Series. 




PSG20121 


PRODUCT SELECTION GUIDE (NEW 1994: 616pp) Key produet Information on all Harris Semiconductor devices. 
Sectioned (Linear, Data Acquisition, Digital Signal Processing, Telecom, Intelligent Power, Discrete Power, Digital 
Microprocessors and Hi-Rel/Military and Rad Hard) for easy use and includes cross references and alphanumeric part 
number index. 




DB500B 


LINEAR AND TELECOM ICs (1993: 1 ,312pp) Product specifications for: op amps, corr^jaed^ret S/H amps, dfferemjal amps, 

arrays, special analog circuits, telecom ICs, and power processing circuits. 




DB301B 


DATA ACQUISITION (1994: 1,104pp) Product specifications on A/D conveftetWjMPM^- integrating, 8i4ccessive 
approximation, flash); D/A converters, switches, multiplexers, and other products. 




DB302B 


DIGITAL iSIGNAL PROdE^SING (1994: 528pp) Product S^etillcetions on one-dimen^onal and two-dimensional filters, 

signal synthesizers, multipliers, special function devices (such as address sequencers, binary con'elators, histogrammer). 




DB304.1 


INTELLIGENT POWER ICs (1994: 946pp) This data book includes a complete set of data sheets for product specifications, 
application notes with design details for specific applications of Harris products, and a description of the Harris quality and 
high reliability program. 




DB«aK!~ 


TRANSIENT VOLTAGE SUPPRESSION DEVICES (1994: 400pp) Product specifications of Harris varistors and surgectors. 
Also, general infomnational chapters such as: "Voltage Transients - An Oven/iew," "Transient Suppression - Devices and 
Principles," "Suppression - Automotive Transients." 




DB223B 


POWER MOSFETs (1994: 1,328pp) This data book contains detailed technical infonnation including standard power 
MOSFETs (the popular RF-series types, the IRF-series of industry replacement types, and JEDEC types), MegaFETs, logic- 
level power MOSFETs (L^FETs), ruggedized power MOSFETs, advanced discrete, high-reliability and radiation-hardened 

power MOSFETs. 




DB220.1 


BIPOLAR POWER TRANSISTORS (1992: 592pp) Techrtfcat Infommtion on over 750 power transistors for use in a wide 
range of consumer, MdostflM and mlHtaty applicafions. 






RADIATION HARDENED (1993: 2,232pp) Harris technologies used include dielectric isolation (Dl), Silicon-on-Sapphire 
(SOS), and Silicon-on-lnsulator (SOI). The Harris radiation-hardened products include the CD4000, HCS/HCTS and ACS/ 
ACTS logic families, SRAMs, PROMs, op amps, analctg- rfM^sKcAS; M 80081^80^6 iriiin family, analog 
switches, gate arrays, standard cells and custom devices. 




DB303 


MICROPROCESSOR PRODUCTS (1 992: 1 , 1 56pp) For comnnercial and militaiy spplic^lons. Product spedficalions on CMOS 
microprocessors, peripherals, data communications, and memory ICs. 




DB309 


MCT/IGBT/DIODES (1 994: 528pp) This data book fully describes Harris Semiconductor's line of MOS Controlled Thyristors, 
Insulated Gate Bipolar Transistors (IGBTs) and Power Diodes/Rectifiers. 




Analog 
Military 


ANALOG MILITARY (1989: l,264pp) This data book describes Harris' military line of Linear, Data Acquisition, and 
Teleoommunicatkjns circuits. 




08312 


ANALOG MILITARY DATA BOOK SUPPLEMENT (1994: 432pp) TTie 1994 Military Data Book Supplement, combined with 
the 1989 Analog Military Product Data Book, contain detailed technical information on the extensive line of Harris 
Semiconductor Linear and Data Acquisition products for Military (MIL-STD-883, DESC SMD and JAN) applications and 
supersedes all previously published Linear and Data Acquisition Military data books. For applications requiring Radiation 
Hardened products, please refer to the 1993 Harris Radiation Hardened Product Data Book (document #DB235B) 




Digital 
Military 


DIGITAL MILITARY (1989: 680pp) Hanis CMOS digital iCi - tnfcroptocessors, peripherals, data 'communications and 
menrrary - are included in this data book. ... , ,j ..' , : 




7004 


Complete Set of Commercial Hants Data Books 




7005 


Complate Set of Commercial and MlWaiy Hants Data Books 
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